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THE ANIMAE ECONOMY. 


CONVERSATION X. 

OF THE ORGANS OF SENSE. 
VISION. 


DR. A. 

The 110x1 subject to which 1 mean to direct your 
attention, is vision. This is, in many respects, 
tli(; bestHtunderstood of any of the organs of sense ; 
and as the operations to which it is conducive, 
are of a most important and interesting descrifi- 
tion, and very much within our cognisance, it has 
at all times received very great attention from 
men of science. T'lie eye may be considered as 
an instrument, allowing the entrance into it of 
rays of light, which, after various refractions, are 
impinged on its back part, in such a way as to 
communicate the impression of vision* It con- 
sists of a globe or ball, which is lodged in a 
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ORGANS OF SENSE. 


socket of bone, and has the optic nerve entering it 
at its posterior part, through a hole appropriated 
for the purpose. It has implanted into it various 
muscles, destined to give it motion, which arise 
from the bony case which surrounds it. — The 
bony case, or socket of the eye, is constituted of 
very thin bones ; but the projecting orbit and 
cheek-bones are tliick, arc of considerable strength, 
and are therefore well adapted as a defence to 
tlie eye. 

CHARLES. 

I have heard of serious injuries, and even death 
being |)roduced, by a push with a foil in the eye 
in fencing; and I suppose it is from the dangei 
thus occasioned, that fencers frequently wear masks, 
lor the more effectually guarding against such ac- 
cidents. 


I)K. A. 

Certainly ; the eye might not only be seriously 
injured by a blow or a push, but the bone is little 
able to resist the application of violence; and 
hence in a violei " lunge, the foil might even pe- 
netrate into die brain, and thus occasion death. — 
The eye consists of a white and coloured part; 
the former being called the albuginea, or white 
of the eye ; and the latter, the transparent cornea. 
Within the transparent cornea, is a party-co- 
loured circle, which is called the iris ; and in the 
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centre of this circle is an openings called the pupil, 
through which rays pass into the interior of the 
eye. 

HARRIET. 

Is the pupil then an opening? I always thought 
it was a solid black body. 


UR. A. 

It appears black, just as an opening into a dark 
cavern, or a dark room, seems so; but il^ within 
the pupil, there should be any change of struc- 
ture, by which there is an interruption to the pas- 
sage of rays, and a consequent reflection of light, 
we then see that it is an opening in the iris. 

HARRIET. 

But it seems to be extraordinary that the black- 
ness should be so intense ; for one would imagine 
that there would be some glimmering from with- 
out, through the coats of the eye; and at any 
rate, that the rays which pass through the open- 
ing, would have some effect in diminishing the ex- 
treme darkness of the colour, just as they would 
the darkness of a room into which they might be 
admitted. 

DR. A. 

This would unquestionably be the case, unless 
for a wise provision, which a very slight consider- 
ation of the nature of light and colours will enable 
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ORGANS or SENSE. 


you to understand. You will recollect that light, 
by means of a prism, is capable of being divided 
into seven colours, namely, red, orange, yellow, 
green, blue, indigo, and violet. The colour of a 
body consists in the reflection produced by it, of 
one or other of those rays, and the absorption of 
all the rest; while white and black may be re- 
garded as the absence of colour ; for in the one, 
the white, all the rays are reflected, in the other, 
the black, they arc all absorbed. The interior of 
the eye is lined with a black pigment, which ab- 
sorbs all the light that might otherwise pass 
through, or be reflected, and thus interfere with 
the exercise of vision, and hence arises the intense 
blackness which belongs to the pupil. 

The eye is pretty nearly a ball or globe, com- 
posed externally of coats or layers, and internally 
of substances, more or less fluid, called humours. 
The whole external surface of this globe, with 
the exception of the transparent part in front, 
consists of a white, firm, hard investment, called 
the sclerotic, having within it the choroid coat, 
and last of all tue retina, or visual part of the eye, 
which is an expansion of the optic nerve. 

There are thus three coats, which form the 
principal investments of the eye ; and there are 
also three humours, which fill its interior. The 
first, or the external, is the aqueous humour, con- 
sisting principally of water; the second is the 
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crystalline lens, or crystalline humour, which is a 
small, transparent, half-solid mass, lying immedi- 
ately behind the pupil ; and the remaining part of 
the eye is occupied by the vitreous humour, which 
resembles very much the aqueous. A couple of 
Jittle sketches will point out to you what I have 
endeavoured to explain, relative to the general 
circumstances of structure of the eye. The di- 
vision into white, or albuginea («), and trans- 
parent cornea, is sufficiently obvious. So is the 
general shape of the eye, and of the cornea, 
placed in its forepart, just as if a portion of the 
opaque sclerotic had been removed to make way for 
it, and allowing the iris (d) and the pupil (c) to 



be seen through it. Now to understand the in- 
terior of the eye, you must suppose a horizontal 
section of it, and that this is viewed from above. 
In this section, the iris (a) is supposed to be cut 
across, and to hang in the cavity which is devoted 
B 3 
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to the reception of the aqueous humour, dividing 
this cavity into two parts or chambers; that in 



the front (6), being called the anterior chamber ; 
that behind (c), the posterior. — The aqueous hu- 
mour is capable of* speedy reproduction, when by 
any accident it may be removed. 

Behind, is the cryslalLne humour or lens (cl), 
which is a small transparent body, like a com- 
pressed sphere, covered with an exceedingly fine 
transparent membrane, or capsule, thick and glu- 
tinous in the exterior, and gradually becoming 
firmer and denser to its centre. It is of a fibrous 
nature, and has been, by some philosophers, 
supposed to' have a muscular structure. 

SOPHIA. 

This is, r suppose, what comes out of the eye 
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of a fish after boiling ; but in this case, heat must 
have the power of coagulation, so as to make the 
substance opaque, which was originally transpa- 
rent. 

DR. A. 

Certainly; and the same effect would follow 
from immersion in alcohol. In both cases it will be 
found, that there is a pearly part wdthin, which is 
of a much firmer consistence than that towards the 
circumference. 


SOPHIA. 

Is not this the part which is affected in cataract ? 
for I recollect hearing a good deal about the crys- 
talline lens, and an operation upon it, which onr 
neighbour Mrs. S. underwent, some time since, 
and which restored her sight. 

DR. A. 

In a cataract there is a change in the charac- 
ter, cither of the crystalline lens, the capsule, or 
both, by means of which they become opaque, and 
impede the transmission of the rays of light to the 
retina. The operation consists in either depress- 
ing the lens, that is, forcing it into the mass of 
vitreous humour below; entirely removing it ; or 
carefully breaking down, with a proper instrument, 
the lens or its capsule, or both, and bringing the 
portions into the anterior chamber of the eye, 
where, by being subject to the action of the aqueous 
B 4 
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Jiumour, R sort of dissolution of the opaque por- 
tions takes place. Subsequent absorption, when 
the operation is of the lat^^er kind, and succeeds, 
clears the eye of the obstacles to the entrance of 
the rays of light. 

SOPHIA. 

How di’cadfnl must such operations be ; and 
yet I was surprised to hear how well our neigh- 
bour bore hers. 

CHARLES. 

I should imagine, however, that considering 
the great body of the eye to consist of a fluid, or 
pulpy mass, there would not be much sensibility 
internally. 

DR. A. 

You arc quite right. Hie exquisite sensibl' 
lity of the eye is to guard it, externally, from 
the slightest approitph of injury; for not only 
might a wound destroy its organisation entirely, 
but inflammation, by forming a speck on ir, would 
prevent the passage of llie rays to the interior of 
the eye, and equally interrupt vision. — I’he crys- 
talline lens is placed in the anterior part of the 
vitreous humour (/), which is a fluid lodged in 
small transparent cells of extreme fineness, and 
occupying about three fourths of the glol)e of 
the eye. It is surrounded by a very delicate 
membrane, called the hyaloid membrane, and 
is not capable of I'eproduction, like the aqueous 
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luimour, It lost. Being in cells, it appears 
to have a spissitude which it does not possess. 
The sclerotic coat (e) which forms the external 
investment of the eye, is so named from its hard- 
ness {(DcXv^gctiTiSy hard). It is thick, tough, and firm, 
and forms the principal support and protection to 
the eye. The muscles which move the eye are 
inserted into it; and it is but little susceptible of 
inflammation. The front of the sclerotic coat, 
whicli terminates at g, has an opening in it, in 
which Is fixed the cornea, extending from y to 
and so called from its horny texture. It is com- 
j)osed of lamelloj, in which a watery fluid is lodged, 
which is retained in its position during life and 
health, giving a plumpness to the anterior surface. 
Ai or before the close of life, this fluid oozes out, 
and forms the obscure film which destroys the 
t}*ansparcncy of the eye, and forms that most re- 
markable diflerence between the activity and bril- 
liancy of this organ during life, and its dull 
obscured state in death. 

HARRIET. 

You speak of the sclerotic coat as being little 
susceptible of inflammation, and yet the wliite of 
the eye is frequently blood-shot, and exquisitely 
sensible to light. 

DR. A. 

This is from an affection of a subsidiary cover- 
13 5 
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ing to the eye, called the adnata, or conjunctiva, 
which is a reflection of the common skin of the 
eyelids. It covers the inner surface, and then 
doubles back to invest the sclerotic coat and the 
cornea. It is very vascular, and is the seat of in- 
flammation of the eye, or ophthalmia, as this is 
called* 


HARRIET. 

But how does it happen that a white surface, in 
which no redness is at all apparent, should be so 
far altered, as to become almost like a piece of 
scarlet cloth; for so I have seen the eye when 
inflamed ? 


T3R. A. 

"In ordiiiaiy circumstances, the membrane, of 
which we now speak, is supplied w ith vessels so 
minute, as not to achuit into them the lod particles 
of the blood, which are, as I shall afterwards have 
occasion more particularly to notice to you, very 
small molecules, in which the colouring matter 
of the blood exists. When by the effects of dis- 
ease the vessels nlarge, they admit particles into 
them, w'hich were refused entrance wdien they were 
in health; and thus the redness is produced. — 
Within the sclerotic coat, is the choroid {h\ 
which is loosely attached by cellular substance to 
the sclerotic ; is very vascular; is divisible into two 
membranes ; and has a villous or fleecy appear- 
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ance on the inner surface of the inner one. It se- 
cretes a covering of black })aint, whicli, as I have 
already mentioned, lines the inside of the eye, and 
indeed may be said to imbue the whole substance 
of the choroid, in order to absorb any reflected 
rays which might render vision obscure : various 
optical instruments are likewise covered with black 
paint, in their interior, for the same purj)Ose. 

SOPHIA. 

This covering of paint is of course wanting in 
albinoes, and in all animals which have red 
pupils. Since you mentioned tlie subject at our 
first meeting, we have had an op})ort unity of seeing 
a ferret, and were much sin’prised and interested 
with the difference between its eyes, and the ordi- 
nary eyes of animals. The whole of the eye which 
was not white, was of a fiery red ; even the iris, 
which in its usual state is beautifully j)articolourcd; 
but some of the rabbits had not red eyes, which 
agrees with what you mentioned to us as occasion- 
ally happening, when the other characters of the 
albino are present. 


DU. A. 

The choroid coat extends over the vitreous hu- 
mour as far as the cornea, where it forms the 
ciliary circle (/), and processes. The iris is at- 
tached to it anteriorly, and is so denominated from 

B 6 
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its various colours. Its posterior surface is called 
uvea, from having a mucous covering of a dark 
colour, resembling that of a raisin, which has been 
regarded as a prolongation of the choroid coat, 
and secretes a similar black pigment. The ollice 
of the iris is to act as a curtain, in order, by its 
contraction or dilatation, to allow more or fewer 
rays to pass into the eye, accoiding to circum- 
stances. It is suspended, as I have already men- 
tioned, in the aqueous humour, which it divides 
into two chambers, and has been .supi)osed to owe 
its power of contraction to a muscular structure. 
It does not app(‘ar, however, that the circum- 
stances on which this depends arc well under- 
stood ; for contraction is not produced in the iris 
by the same stimuli which act ordinarily on mus- 
cular fibres; as, foi' instance, electricity or galvan- 
ism, or the touch of iiistruineiits during operations 
on tlie eye. '^riicre is, however, this circumstance 
favourable to the idea of muscular structui’e, inde- 
pendently ol* contractility, that it lias becji ascer- 
tained tliat the iris has all the chemical chaiacter.s 
of a muscle, its constituent parts being fibrine, 
that pai ticular substance of which muscles con- 
sist. — 'J^he inner membrane or retina (/ ), so called 
from its net-work structure, is nearly Lrans])areiit, 
is exceedingly soft, and easily torn, and is composed 
principally of a medullary substance continued 
from the optic nerve. It is in contact with the 
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choroid coat, without being attached to it, and re- 
ceives no tinge from its pigment. It is expanded 
over the vitreous humour (/), and is the immediate 
organ of vision ; but it has been found to be with- 
out sensibility, when touched by an instrument 
during an operation. By the microscopic ob- 
servations wliicli I liave already mentioned, the 
optic nerve lias been Ibund to consist of many 
bundles of very delicah' fibres, formed of minute 
globules, connected by a gelatinous substance; 
and the retina ajipcared to be a continuation 
of such' bundles spreading like rays from the 
nerve to the circunderence, where they almost 
disappear, and end in a smooth membrane, 
'riunigh the retina is described as being in contact 
with the c horoid coal, and as forming the third coat 
(if the eye, yet, in point of fact, there is interposed 
between them, a very fine membrane, lately dis- 
covered by Dr. Jacob of Dublin, to which no 
name has yet been given. It is very delicate, al- 
most transjiarcnt, and covers the retina from the 
o})tic nerve to the ciliary processes, and is common 
to man with most other animals : this therefore is, 
properly speaking, the third coat, while the retina 
is the fourth. 


CHARLES. 

We may view’, then, the eye as a fine optical 
instrument, in which, for the purpose of conveying 
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the rays to the proper focus, a complete trans- 
parency is as much necessary, as the perfect clean- 
ness and purity of the lenses, in the most perfect 
telescope or microscope. 

DR. A. , 

The eye is the most perfect of optical instru- 
ments. The transparency of the cornea allows the 
rays to pass from an external object through it, 
into the pupil. If there is an obscure light, the 
pupil expands, and admits more rays; if there is a 
strong light, the pupil contracts, and cuts off* an in- 
convenient portion of them. I'liesc rays, ] )roceed- 
ing through the crystalline lens end the vitreous 
humour, undergo the various refractions necessary 
for giving them such a direct ion as v/ill make them 
fall in foci on the* retina, from which tlie impres- 
sion is conveyed to the sensorimn. This may rea- 
dily be exemplified by a small diagram, in winch 
rays from an object (a, ij,) pass throngh the ])upil5 
and the crystalline lens (c), and arc impinged on 
the retina at h. 



I see distinctly how the refraction takes place, 
so as to effect the union of the rays at the bottom 
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of the eye. But the image of the object is in- 
verted in the retina. Surely we do not see things 
upside down ? 

DR. A. 

It is very true that the picture of an object upon 
the retina is inverted ; but it is rather too mecha- 
nical an idea to suppose that the impression on 
the mind ought to be so likewise. In becoming ac- 
(juainted with external objects, sight and touch go 
hand in Iiand in giving us the necessary informa- 
tion. Upper and lower arc positions relative to 
the surface of the earth, and the situations of our 
own bodies relative to it. After, therefore, we 
have become acquainted, by touch, with the dif- 
ferent parts of bodies, and have learned their posi- 
tion relative to ourselves, we know that by raising 
our eyes we bring them to a direction which we 
have been jireviously informed by touch, refers to 
the u[)per part ol’ an object, without any reference 
whatever to the particular mode in which the im- 
pression is communicated. In this way the differ- 
ent situations of the eye, whether elevated or de- 
pressed, naturally direct the mind to make a suit- 
able judgment of the situation of objects j)resented 
to it. 

HARRIET. 

Is the union of rays at the bottom of the eye a 
supposition merely, or has it been the subject of 
actual observation ? 
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DR. A. 

If the eye of a sheep, or any oilier animal, 
have the sclerotic coat the choroid dissected 
from tlie retina, and be placed in a hole in a win- 
dow-shutter, or a box, in such a direction as to ad- 
mit only the rays from the sun or a candle through 
the pupil, the image of the object may be actually 
seen impinged on the retina. It is a matter of 
some difficulty to have fliis exj'erinicMit perfinnied 
in the best way ; but here is tlie t ye of a sheep, 
from which I have removed the sclerodc anti 
choroid coats, so that you may see the meclullaiy 
substance of the retina on the soil jelly of the vi- 
treous humour. On shutting the shutters, and 
brinmng; near the front of th(‘ eve a small rallied 
taper, you w^ill see the imrige imjiiuged on the ex- 
posed surface of retina beliind. 

HARUI17!’. 

I see it beautifully represented ; and invi rted 
too, just as ill the diagram, which we have just 
seen. 

so PH j A. 

This is a very satisfactory experiment, and one 
which does no Jiarm ; lor I was afraid that it was 
by soni<^ uncomfortable jirocess that the impinge- 
ment of the rays on the back iiart of the eye was 
rendered evitlent. 

CHARLES. 

The usual laws of refraction arc I presume 



vision- 


17 


followed, ill the pnssage of pencils of rays through 
the eyes, just as through any lens. 

Dft. A. 

Certainly ; and pcrha})s you can manage 
so as to make a little diagram of the mode in 
which it may be iiifcvrcd, that the rays will pass 
on to the retina. \ cm recollect the laws of re- 
fraction ? 

CHAItLES. 

When rays pass from a rarer into a denser me- 
dium, as from air into water, they arc lefracted to 
the })erpendicular; when from water into air, from 
tlie perjiefldicular. 

OK. A. 

What would be the cirect of rays passing from 
any object into the transparent cornea ? 

ClJAllLt'S. 

If we make a small portion of a circle a ft, to 
rejiresent the cornea, and draw a pencil of rays 
from any object r, to the jiortion of circle at r/, and 
passing tlirough it, this pencil of rays, as it goes 
from a rarer into a denser medium, will be bent 
to the perpendicular, and the direction will be in 
d k instead of (If. 

DU. A. 

But then rays pass from all parts of an object, 
to all parts of the cornea; and in what direction 
would a ray impinged on e be directed ? 
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CHARLES. 

It would proceed in the direction e and in 
time would meet the other ray cd^ in a focus 
at k. 


jDR. a. 

That, of course, is on the supposition that the 
medium continues the same ; but suppose that it 
were necessary to have a further refraction, so as 
to unite these rays nearer the object c, how could 
this be effected ? 


CHARLES. 

By placing another substance as at 72 ,«of greater 
refracting power than the first, in the course of 
the refracted ray, in order to give it a further 
bend. 


DR. A. 

You would then, if the medium were the same, 
carry the ray on to / ; but if you were required 
to unite the rays still nearer the object r, the 
medium not being increased in densitj', to an- 
swer to the increased density of the additional 
refracting body, you might find a shape in the 
additional refractor, which would answer the pur- 
pose. 

CHARLES. 

That would be the double concave lens, which, 
after bending the rays on entering the lens from a 
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rarer medium, to the perpendicular, in the direc- 
tion 71 /, will, on their emerging at the opposite 
side of the lens, bend them from the perpendicular, 
and thus alter the direction to o, and produce a 
further convergence. 

DR. A. 

This is precisely the case with the eye, on which 
it is necessary that such a refraction should take 
place, as would produce the union, exactly at the 
retina, of the pencils of rays which enter it ; and 
there is therefore a necessity for a further degree 
of refraction being produced, than the cornea and 
aqueous humour, whose density are pretty much 
- the same, are capable of effecting. This takes 
place through the medium of the crystalline lens, 
which is a double convex lens ; and it occurs very 
gradually ; for as the refracting power is gradually 
increased to its centre, (where, as I observed to 
you, it is firmer and denser than at the circum- 
ference,) the curvature which the pencil of rays 
undergoes is very gradual. 

CHARLES. 

But then, according to the principles of optics, 
the focus will not be at the same point, when ob- 
jects from which rays proceed are at different 
distances. Has the eye any power of adjusting 
itself to the different distances of objects, for the 
purpose of obtaining distinct vision ? 
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DR. A. 

It possesses such a power ; but philosophers are 
not altogether agreed upon the mode in which it 
is exercised. I find, however, that I must defer 
tlia* explanation of this matter, and the further 
prosecution of the subject of vision, till our next 
meeting. 
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CONVERSATION XI 

OF THE ORGANS OF SENSE. 
VISION CONTINUED. 


DR. A. 

You asked me, Charles, when \v<j Iasi met, whe- 
ther the eye possessed any power of accommodat- 
ing itself to the diflerent distances of objects, in 
order to obtain distinct vision ; because you very 
properly observed, that the focus at which rays 
will unite, at the back part ol* the eye, will not be 
at the same point, when the objects from which 
rays proceed are at different distances. If the 
curve of the cornea were capable of alteration ; 
or the retina, by some pressure upon the body of 
the eye which could lengthen its axis, could be 
made to recede; or if the crystalline lens could 
be altered in shape, so as to have its curvature 
changed ; or its position in relation to the retina 
could be made to vary, then a slight degree of 
consideration will show you, that such an accom- 
modation could be effected as would answer the 
purpose. 
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CHARLES. 

The alteration of the curve of the cornea seems 
to be a very natural mode of producing the effect. 


DR. A. 

And a very effectual one too, if it were found to 
take place; but though this was rendered probable 
from some nice experiments made by Sir Everard 
Home and Mr. Ramsden, on the changes which 
occur in the convexity of the cornea in viewing 
objects at different distances, yet, as it was found 
by Dr. Young, that the eye possesses the power of 
accommodation when the cornea is in contact with 
water, and when therefore all the effect of its 
change of Agure woidd be lost, it is clear that this 
opinion must be given up. 

HARRIET. 

1 do not understand the necessity for the 
afljastmciit to different distances which you speak 
t)l': perliaps you can make the subject a little 
mere intelligible. 

])R. A. 

li, in the diagram which I showed you ( Vol. II. , 
p. 14*.), and to which I must again refer, you plaq^ ; 
an object nearer to the eye than that which is alrea- 
dy represented, you would And that the rays from 
this second object will condense into a focus before 
they come to the retina, and thus be indistinct. 
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You may ascertain the fact by shutting one eye, 
and while you are looking with a single eye at any 
object, as that tree, which is atiout fifty yards irom 
you, hold a pencil in the same direction, at a^out 
a foot distance from your eye, and you will find, 
that while you sec the pencil distinctly, the tree 
will appear indistinct; but if you adjust your eye 
so as to see the tree distinctly, then the pencil will 
appear indistinct. 

HARRIET. 

The thing is now quite intelligible to me. 
There is a sort of ill-defined edge on the object to 
which the eye is not accommodated, which the 
other is without; and if by any of the means 
which you mention, the focus can be made to be 
nearer or more remote, according to circumstances, 
that is, can be made to be in the retina, instead of 
within or beyond it, distinct vision will, of course, 
be accomplished. 

DR. A. 

I have stated to you that no alteration in the 
curvature of the cornea takes place, so that the 
effect is not produced in this w^ay ; neither can it 
:be proved that any elongation of the body of the 
eye occurs, which some supposed could be effected 
by the pressure of the muscles of the eyeball. A 
power belonging to the crystalline lens of altering 
its form, either by some muscular operation, or in 
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some o|^8r‘wli]r, which is not suffidently under- 
stood* was Ijmg considered 'as that bj which the 
phenomenon could be most teadlly accounted %. 
But 4^ough the lens exhibited som^hing o^ a 
fibhms (^fpearance under tfan microscopic th^ 
seemed to,{>e sufficient proo^of its changed 
shape to settle the point in question. It wju for- 
merly supposed that the ciliary processes might 
of a muscular nature, and be concerned in the ad- 
justment of the eye, and at Sir Everard Home's* 
request, Mr. Baumr directed his particiultu!' atten- 
tion to the nature of those substances. *By ex- 
amining them in the Held of his microscope, he 
found that there were about eighty of titemj thht 
they were s^Mmt a quarter of an indt hi length ; 
had their or^in all round the capsule of the 
ous humour, passed over the leds, 

and terminated ih Its capsule, ty -fhadk 
were attached. Sir Everard ii^rs'tiiat 
cesses are of a muscular na^uie, that -they can con- 
tract to one half their length, which is, to the 
extent of one-eighth of an qicJc apd tijiat l^.thelr 
contraction ffiey c«q gpjiilt thp so as to 
approximate it suffirf^y fo prO" 

duco the adjastmeqluep®^^ 
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/^iciroMopic obsemttions fee suflBciently 4^|^ded 
upon to ediffiSertt qaejitiois#, 

pf'Mr. Bau^s.sl^-in'&e 
u^of,ftptittdOTo?^>e,' M Ws accuracy of observ- 
;jWnjg aside diffidklties which are 
with the study of iorgani^tion so minute, 
there' is much appearan'ce of truth iq the deductions 
which Sir ^Evera^ has made on this subject 

HARRTBT. 


^oh Mentioil^ the cure of opacity in the 
ftyfi faillinft lens, by the' depression or the temoval 
«f *e i^P%.the patient had the same power as 

re to 
idea 
’the 


,b^re <fii‘,<^^tion, of accommodaung me e 
" ' BSj, would be against the 

^jn the V<win>f^pOTitiOir o 



viMowT at 

|iower*poas^ed 

paftBVf the 

ki®®< V 

From a^f^ambts mmfi tAk '00$ 
amem, dttt tlr^rafi'Activ^ poweraof* ^ ^ 

* Atmo^lt^c is < ‘i^QOS^ 
Water - - _ 

' Hie aqueous {iqmtwr 1*S366 
The central part of the • . 

crystalline leas , - - ’ 1^9^ 

The whole lens •* ^ 1*588$ 

Ihe vitreous humour - l‘8894t 

CBAME8. 

As there are two images of enrSy 
smited to &e inward sens% J^Saop^' thi^ ih 
^some soi^ of i^pathy or aooorlr^’^^^'lhe 
two eyes, whi^ enables, them to .i^ SA "0hls<5> OS. 
one, and not two. 



DU. i. > 

And yet you, may tdify rf^jrf W > ‘liflto 
management, see the same^^;t^l^i 
or taro. If you put tsiro w ^ 

fetent distances ihsa.tibo 
line, it is clear that you' ' 
the same time. Let^ ' 
at(s|id,il}araie<;) to ^ 

kniinbij* iA ?. 
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HARRIET. 

I see two images of the nearer one. 

OR. A. 

Look next at the nearer candle> and what ap- 
pearance does the further make ? 

HARRIET. 

1 now see two images of the further one. — 
This is exceedingly curious ; but is the same cir- 
cumstance applicable to all objects seen at differ- 
ent distances ? 

DR. A. 

Certainly so ; but the subject does not strike us 
at once, from the circumstance of the object to 
which the e^e is directed, being the principal, or 
indeed the only one attended to in ordinary cir- 
cumstances. A certain power of accommodation 
of the two eyes to one object, is therefore necessary 
to correct 'vision ; and many intoxicated persons, 
or those who have lost the command of their eyes 
in certain diseases, see objects double. 

SOPHIA. 

But I cannot understand why, at one time, two 
images on the retina should ^ve the perception of 
dne object; Whiles at another, they should give 
the perception of 

niu'A. 

The qoei^tioh Is and^has given rise to a 
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good deftl of controvei^y. In order to understand 
it isnec^saty to consider some circumstances rela- 
tive to the motions of the eye. The axis of dte fffe is 
a straight line, which is supposed to pass througii 
the centre of the pupil, and of the crystalline lens, 
and to fall on the middle of the retina: in viewing 
an ot^ct. We turn our eyes in such a way, as 
that the axis of each eye will, when protracted, 
meet in the centre of the object. But if we turn 
one eye to an object, the other is instantly turned 
to the same object. We cannot jaavei one with- 
out the other; and we may feel'tlmt if one of the 
eyes is even shut, it follows the modoo of^ie Qther, 
just as if it were open : this is called the patdell 
motion of the eyes. But you will easily undem<nnd, 
that the natural motion in vhion eaUno^ Undm 
any circumstance^ be predsely pdlN8el| because 
the rays which &11 upon tibe fedtm oF 
form an angle in the object firom'' ^y 
cced, and therefore diverge iu gfiltl^to 
You will likewise see that ^e greater the'^distmice 
is that the object iafrom the eyes, dteldtu^hearly 
parallel will their motimis be. "" ^ 

Now the most sensible part is at 

the centre of each eye f and d>e. ‘tyef are 
turned to the same ol^ect« die.m;^^are nei^^rily 
impinged upon such centjr^'a^-yoU hay^^|ierfoct 
and single visiom But i^y<m.]$Hte8S,twUh your 
finger,^one of die^eyehall^^ht^dn a was^ as diat 
c 



- 30 ORGANS OF S£NI^. 

' " , ' ' ' *• 

the' rays should Hot fall upon the centre, then you 
have double vision produced. There is, therefore, 
. soni# sympathy or correspondence, whether na- 
tural or acquired, betweeih the centres of each 
retina, by means of which an image falling on 
both of them, conveys to the sensorium the im- 
pression of one object only. The centres of each 
retina, therefore, correspond^ as it has been termed, 
with each other. You will readily understand 
this, by a diagram, in which two globes, having 
each the optic nerve at their bottom proceeding 
from them, represent the two eyes, turned both 
of them to the object (a). . 



It is obvious that a Jtraight line frohi. (a) will fall . 
on the retina at its centre, just &s far froih the 
optic nerve of the .qhe eye,, on one side, af from 
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the optic nerve of the other ey^ on the other. 
Under such circumstances, distinct and. single 
vision are produced. But if you move the globe 
of one eye, so as that rays from the object (a) will 
not pass through the centre of the pupil and of the 
lens, and will be impinged on the retina of one eye* 
at some distance from the centre of the retina, 
while in the otlier they are impinged on the centre 
of the retina, then double vision is produced. 
The rays do not, in this case, fall upon points of 
the retina which are corresponding. 

SOPHIA* ' * 

You have made this very intelligiMe as far as 
the centre of the retina goes, pr the point into 
which the axis of the eye enters ; but then all ob- 
jects which we view, and every "part of the same 
object, are .not at one point; and therefore the 
impingement must occupy some sensible space of 
the retina, which must be greater or less, accord- 
ing to the magnitude or number of the objects 
seen at one time. 

JDR* A. 

If the object (b) be placed at one side of the 
object (a), and on the same plan^ it will be 'Seen 
singlet as well as the object (4}; and the rayii 
proceeding from it will pi^ceedto the retina in the 
direction of the dotted lines. . 

Now consider under what oiroi^tances single 
vision is produced. It takes ptafiO if the mys are 
* c 4 
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imjnnged on the centre of the retinn ; but it like- 
wise occurs, if rays fall on the retina, ttt the same 
side of the centre, and at equal distances from it, 
as is the case with tlie dotted line. The centres 
of the retina, therefore, and such parts of it as are 
at equal distances &om the centre, on the same side, 
correspond with each other, and are termed corre- 
sjpondtng points, and if rays fall upon them, single 
vision takes place. 



In the case of tjie capdles seen at different dis- 
tances, suppose you look at the more distant (b), 
the candle (<0 is ^»sen double^ and the images ap- 
pear as if the otijMS^ere at (n n), but the rays 
&11 from the can^t. (c) on the retina^ in the direc- 
don of the dotted^ lii^; that is, on' hpposite sides 
of centre*^ msteBd,of the same side, 

and doubte vision kt^tlM^^8eaudnce. 
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HARltIfiT. 

When the eye is distorted as in squintiDg 5 do 
people see double ? 1 never heard of this being 
the case, though it seems as if it should be so, ac« 
cording to the system of corresponding points. 


DB. A. 

People do not see double in squinting: and it 
would therefore seem probable, that when the 
distortion is a very slight one, there has been a 
power exercised by the eye, of having certain 
points made corresponding, which were not origi* 
nally so. This, of course, involves the consider- 
ition of whether points were corresponding by 
an original law of our nature, or by the eflects of 
habit and experience. In general, however, when 
people squint, the distorted eye is turned so far to 
one side, as not to receive rays from the object 
seen by*the other ; so that, in this case, one eye is 
for the most part only employed, and double vi* 
sion of necessity not produced. But it is to be 
lemarked, that a distorted eye is generally weaker 
than a sound one; and in suchacase^ t|ie stronger 
impression of the sound eye is prindpally attended 
to : that of the weak is comparatively overlooked ; 
and a disto^^on spontanepnsl^ occurs^ m 4rdtr to 
cut off the rays, and avoid eopfosh^^The con- 
joint operation of both yyes is npt useful 

for increasing tb^ stre^^gj^^ of j]n0re$$ipn« In 
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many instances it likeurise facilitates the power of 
direction, as you will find if you try to thread a 
needle, or to introduce a stick into a ring, with 
one eye instead of two. 

SOPHIA. 

For the sempstresses operation, I flatter myself 
that I may be some authority ; but I am really 
surprised at the difficulty of hitting the eye of 
the needle when one eye is shut. 1 should have 
been inclined to e;cpect more, rather than less 
precision with one eye, if the tiial had not un* 
deceived me. 

DR. A. 

There is a remarkable circumstance connected 
with impingement on the ictina, which was dis- 
covered by the Abb6 Marriotte ; it is this, that 
such rays as fall on the part where the optic nerve 
enters the eye, and pierces the sclerotic and choroid 
coats, for the purpose of beiiig diffused over the 
latter, in the form of retina, is insensible, and pre- 
sents no image to the mind. 

SOPHIA. 

This is ei^c^ingly curious. But how can this 
point be rendered evident? 

A# 

Xyum ’(^'I’eedily be for this pur- 

-"“Xl sbail i^nt three sm^ pieces of white paper 

l^he at about two distance from each 

1 V, 
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Other. Now, stand opposite the middle paper, at 
the distance of four feet, and shut your left eye, 
holding your finger upon it. Look at the left- 
hand paper with your right eye. Yon see the 
whole of the three portions of paper, though, of 
course, the left hand one more distinctly.' 

SOPHIA. 

Certainly. 

nn. A. 

Keep your body in the same position, and re- 
tire gradually. You are now about seven feet 
from the wall, but do you see the middle paper ? 

SOPHIA. 

I do not, though 1 see each of the others. 

nn. A. ^ 

Retire a yard or two further back. 

SOPHIA. 

1 now see the middle paper, and'both the othera 
likewise ; so that it is clear, that the rays proceed- 
ing from the middle paper, while I was at the 
distance of seven feet from the wall, though they 
fell on the eye, were not actually seen. 

nn. A. ^ 

The reason of this is, that the optic nerve enters 
the eye, rather to the inside of the centre of the 
retina; and when you retired, keeping die eye 
steadily pn the left-hand paper, the ravs ftom the 
da 
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middle one fell on that part of the eye where the 
optic nerve enters, as you might easily convince 
yourselves, by varying one ol tho diagrams wliich 
I have shown you. The third is onlj 

necessary for greater distinctness ; for the same 
circumstance is equally demonstrable with two 
portions. But the experiment may be varied, so a** 
to show the insensibility of the same poition ot 
both eyes at the same time. Thus, put two pieces 
of paper, Harriet, at the distance of three feef 
from each other on the wall, and retire to the dis- 
tance of 12 or 13 feet. Keep your eyes on the 
paper, and hold a finger upright, about eight 
inches before your eyes, still viewing the papers. 

HARRIET. 

My finger appears double, the paptis slngl^ 
mi. A. 

Qf course ; but you will find that there is «i po* 
Uikm, in which your finger will conceal from the 
right eye, on your shutting U, the view ol’ the left 
hand paper; and from your left eye, on your 
shutting it, the view df the right hand paper. 
Keep yoiir fingt^ in this precise position, and 
look at it steadily with both eyes. 

HARRIET. 

1 now lose sight of both papers ; so that the 
rays have fallen on an insensible part of the 
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retina in both eyes. But why should this be the 
case? for I should have aapected, that thenttve 
itself would have been endowed with all the sen- 
sibility of the part derived from it. 

DR* A.* 

Philosophers were much puzzled about this civ* 
cuinstarice, when it was first known; and some 
were disposed to consider the choroid coat as die 
peculiar seat of vision; because it was wanting in 
this particular spot where the n^ve p^neU;ated. 
But your difficulty is removed by the Oonsidera-* 
tion, that the jierve itself is not the organ of vision^ 
but the expansion of the nerve; and that we 
might as well expect the nerve^ in any part of its 
course from the brain to the organ;* or even the 
brain itself, as the source of the nerve's energy, to 
be endow^ed with visuid power, as that the nejcve 
should possess it at this particular place, where 
the formation of the organ is only to commence. - 

HARRIET. 

How beautiful and perfect an instrument must 
the eye be, when it is considered, that the minutest 
object of a large landscape is correctly painted ; on 
so small a space as the retina must be, withl^ the ; 
vivid colours of nature; but I suppose there 
varieties in the perfection of the ixletruilient^ pr its' 
fitness for producing the due iniprgl^kjb on .the 
mind. 
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DR. A. 

The instrument is perfect when the rays pass 
through the eye without interrupiion, and unite in 
a focus upon the retina* But then, with some, the 
refractive power of the eye is so great, as produce 
the convergence on the retina too soon* Tiiis is 
called short-sightedness, or myopism, from mice 
being supposed to have such kind of sight; where- 
as, on thd other hand, when the rays are not 
brought to a focus with sufficient readiness, pres- 
byopism, or long-sightedness, is produced* 

This will be readily understood fiom a diagram, 
in which an image is formed at a, before tlie rays 
reach the surface of the retina, so that they again 
begin to diverge ; and these diverging rays give 
the indistinct vision of a short-sighted pci son. 



A double concave lens ( \) makes tlie rays di- 
verge, and thus retards their convergence into a 
focus to the requisite extent. 
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In another dia^am the rays, as at B, do not 
converge sufficiently soon, and therefore require 
the additional refraction which the double-convex 
lens A affords. 




So that, in the short-sighted^ the object is to 
diminish, and in tlie long-sighted to increase, the 
refraction exercised on the rays which are admitted 
into the eye. 


CHARLES. 

The diminution of the power of refraction in 
the eye is, I imagine, a symptom^ of the approach 
of age. 

DR. A. 

It is termed presbyopism^ being the com- 
mon defect of old people and one of the ear- 
liest marks of failure in the nataw powers. Wi^l 
me, you may have dbseryed5 that the nice opes 
ration of nibbing a pen, and reading very small 
print, has, for some tee past, reiquired the assist- 
ance of a glass* "Aroucid the-n^ pf te pen there 
is a slight confusion^ not con- 
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Verging into a fixus at die usual distance frpm the 
eye, and a glass of slight power removes it; while 
bodi in doing this, and in reading small print, the 
distance at which the focus could be correctly 
mad^ would.be beyond that at which small objects 
ecndd be readily seen; and therefore the assistance 
of a glass, of more or less magnifying power, is 
reiptired* -*<' Sometimes it has happened, that one 
ey^ has been myopic, and the other presbyopic, so 
as to require glasses of different nature for tlie 
purpose of obtaining perfect vision. 

CHARLES. 

Does the eye lose power in advancuig life, inde- 
pendently of tlie altered faculty of accommo- 
dation ? 

UK. A. 

When the nervous sensibility of the eye, tliat 
is, the power of the retina to communicate impres- 
sions to the sensorium, is gone, or diminished, 
then blindness, in various degrees, takes place; 
and one usual consequence is the more or less 
expanded state of the ^upil, and its diminished, or 
total insensibility to the action of light. 

But there is a very singular natural defect in 
the eyes of some perst^ns, altc^ther independent 
of disease; and tha* is dm want of the power of 
discriminadng chrtain colours. , A curious story is 
told of a Glasgow student, who could not distin- 
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gulsh betvreen and green; so dikt it used to be 
a common trick among his fellow-colt^^ns, to 
throw his red gown (which he wore as a student) 
upon the grass, in order to enjoy his difficnhy in 
finding it. — Dr. Priestley mentions a case in the 
Philosophical Transactions, m wfaitdi a similar 
difiiculty of distinguishing between red and green 
existed; the person being able to discover cherries 
on trees, only fh>m their differing in size and shape 
from the leaves. He could il^lstingnish »dififetmice 
in stripes ; but all light colours be described as 
white, and dark ones as blacks Two of lus, bro> 
thers had defective vision; one of the^ calling ' 
light green, yellow; and orange, theTOj^ir of grass. 
— Dr. Priestly’s case was the me^ another 
being brought forward, in which^ nnd pale 
blue appeared alike, as ^ full red, and fidl green.<., 
The person could distitiguitih (dl slmdes of y^lo'i^ ' 
and blue, excyt pale blue; foil 'puirple end , 
deep blue sometimes baffled hihi'; and chtiek cO* 
lour appeared like black. Tllis pttrsoh^ filtiflnr, 
one of his sisters, and an uncle on the mother’s 
side, hud a similar defect; aa bad t^ bf 1^ 
sisi^, but her daughter l^d petfeot vi^. •>- 
Nicholl, of Ludlow,* hear cfeeufoed twd’''d|irion|< ; 
cases of this kind, w^d^‘ ctoA^Uhin fais’^^^ 
particular observation.* ^pteni» tft'yoif^ 

gentlemaA of ](0 years of a^,cb||d'i^'^^|;Hi$h 
green ; but wifo foe 
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which he called brown, he termed other greens 
red. Red and blue he could discriminate; but 
light red and pink he called h'lrlit blue ; light yel- 
low, yellow; and darker yellows, and light browns, 
he confounded with, red. Grass, and green baize, 
he considered of the same colour ; and once said, 
that he knew fowls were contained in a butter- 
basket, carried by a countrywoman, from seeing 
tlie I’ed feathers hanging out, which proved tt) be 
green leaves with which her butter was covered. 
The only colours which he could discover in the 
prism were red, yellow, and purple. The young 
gentleman’s maternal grandfather had a similar 
defect, and being in the navy, once purchased a 
blue uniform coat and waistcoat, with red breeches, 
to match the blue. Green he always confounded 
with red. A brother of the grandfather had a 
similar defect, and has mistaken a cucumber for a 
lobster, and a green leek for a stick of red sealing- 
wax. — Dr. Nicholl’s second case is nearly similar; 
grass being always regarded as red, and fruit nn- 
distinguishable from leaves, except by the shape ; 
and in no other memoer of the farfuily had such a 
defect been known, except in .the daughter of a 
brother. ^ 

SOPHIA. 

It is very curious that all those cases agree in 
c^ounding green with red. 
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DU* 

This is a very remarkable circumstance, and it 
accords with the only case of a want of power of 
discriminating colours which I ever personally 
knew, that of a clergyman^ who could not distin- 
guish between the red rose, and tlie green leaves 
of the rose-bush. 

CHAULES. 

These cases are likewise interesting, as confirm- 
ing what you mentioned, relative to the transmis- 
sion of accidental peculiarities of structure* 

DU. A. » 

Undoubtedly; and the more accidental peculiar- 
ities are attended to, the more are they likely to be 
found appertaining to particular families. 

sopmA. 

You mentioned that the expanded state of the 
pupil, and its diminished sensibility to light, were 
connected with a diminished power of the retina, 
or with various degrees of blindness. The iris, 
then, I suppose, must be considered 'as a sort of 
guard to the internal parts of the eye, to preveh^ 
too much light from passing into them* / 

' OR. A. 

Certainly; and hence, according.tO' the degree 
of light, the iris will contract, so as to intercept, 
or expand, so as to admit light You may see this 
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in one of your eyes very distinctly; and when I 
even hold my hand before Charles’s eye, and 
remove it suddenly, the contraction of the pupil is 
instantly seen* 

In some animals, where there is a necessity for 
occasional exposure to strong light, there is what 
is called a membrana nictitans, or winking mem- 
brane, which the animal has the power of expand- 
ing over its eye, so as to intercept the light, and 
place the eye, as it were, behind a curtain* When 
not employed, this membrane lies in the corner of 
the' ^e ; and it is expanded by means of two mus- 
cles^'When its protection is n^essary. 

HARRIET. 

I have observed this frequently in the parrot. 

. DR. A. 

It is common to all birds, and is most perfect 
in birds of prey, with which there is a necessity 
for looking at, or very near the sun. It likewise 
exists in cats, and ail animals of that genus ; in the 
opossum; in the geal; ai]|d in the elephant. There 
is a rudiment of it iu man, at the inner canthus of 
the eye; and this is still greater in the horse. 
But in ;^me &fa, as the skate and thornback, 
there is a sort of cur^in, at the upper part of the 
pu|^ih which is,. capaWe of being let down, at the 
pi^^ure of the animal, so as entirely to exclude 
from passing through it. 
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SOPHIA. 

The pupil ill all animals does not seem to be 
round. In the cat, for instance, it is oblong, and 
is capable of extraordinary changes of shape. 

OR. A. 

It is vertical in some animals, as in those of the 
cat kind; and transverse in others, as the ruminant 
animals, horses, &c. ; and this sort of construction 
allows of a more varied contraction and exp^ansion, 
than by means of circular fibres only ; and there- 
fore gives to an animal the power of employing the 
eyes in very bright, or veiy obscure lights, with 
great effect. Tlie contraction or dilatation of the 
pupil is in some degree under tlie influence of the 
will; and with gentlemen who are much in the 
habit of experimenting with the eyes, the faculty is 
capable of considerable increase, so much so as to 
admit of dilatation against light, or contraction in 
gloom. 

CHARLES. 

Do you imagine that there is as much difference 
ill the visual faculty in animals, as theice is in their 
smell? I should imagine that this must be the 
case, if it be true, that birds of prey can discover 
the animal which they intend to attack at a great 
distance. 

DR* A* 

I have no doubt that your idea is comet, tor 
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Nature has very wisely adapted the strength of all 
the faculties to the habits of the animal. The eyes 
of the eagle are proverbially acute ; and birds of 
prey generally have extraordinary powers of vision. 
It is stated in the Philosophical Transactions, by 
Sir Everard Home, that an hour after a wild hog 
was killed, in India, and long before there could 
be the least odour from putrefaction, a dark spot 
was seen in the heavens, which proved to be a vul- 
ture making directly for the carcase of the animal. 
Soon afterwards, similar specks were seen ; and se- 
venty other vultures speedily made their appearance. 
Dr. Russel states having observed at Aleppo, in 
serene weatlier, when not a speck was to be seen 
in the sky, that if any dead animal was left behind 
by hunting parties, in the space of a few minutes 
it was surrounded by birds, although none were 
visible previously. The eyes of such kind of birds 
must likewise have a great pow er of accommodation, 
since they are equally adapted to great distances, 
as to the small ones which must intervene between 
their eyes, and the prey which they attack. 

CHARLES, 

Where there is the great power of accom- 
modation which you mention, is there any peculiar 
apparatus for the purpose of elfecting it, which 
man does not possess ? 
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DR. A. 

As far as the structures agree, there is every 
reason to suppose that the same circumstances ap- 
ply to the human and other eyes; but in many birds 
there is a rim of scales lying over the junction of 
the sclerotic and cornea, which has been imagined, 
but without sufficient evidence, to be concerned 
in effecting accommodation, by the elongation 
or shortening of the axis of the eye, according 
to circumstances. There is likewise, in birds, a 
point of minute structure, which some have sup- 
posed to tend to the same purpose. It is that of 
a fine membrane, rising in the back of the eye ; 
proceeding, apparently, through a slit in the retina. 
It forms a sort of fine bag; and being imbued 
with black paint, like the choroid coat, it is termed 
the marsupium nigrum, or black purse. It passes 
obliquely into the vitreous humour, and terminates 
in that part, reaching frequently to the capsule of 
the crystalline lens. 

SOPHIA. 

As the medium occupied by fish must be nearly 
of the same density as the aqueous humour of the 
eye, one would imagine that the latter would be 
useless as a refracting organ. 

DR. A. 

You are very right ; and therefore in fish, and 
spme quadrupeds and buds which are much in 
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the water, as seals and cormorants, the crystalline 
lens projects through the iris, so as to leave very 
little room for aqueous humour ; for in them it 
w^ould evi4ently be of no use. But in order to 
jnake up for the want of this as a refracting medi- 
um, the crystalline lens in fish is more of a sphere 
than is usual in the other classes, and thus has a 
greater refractive power. On the other hand, in 
birds, which spend much of their time in a some- 
what elevated region, where the medium is rarer 
than at the surlace of the earth, the aqueous 
humour is in considerable quantity. 

Fish have been described by some physiologists, 
as having a small muscular organ connected with 
the choroid coat, the use of which is to assist in 
accommodating the eye to different distances. You 
may. thus see, however, that much as is known 
about the eye, a great deal is still to be ascertained 
relative to its minute structure. 

CHARLES. 

You mentioned the great power of dilatation, 
which the oblong shape of the pupil affords to ani- 
mals which have occasion to use their eyes in 
obscure lights ; but is mere dilatation of pupil 
sufficient to enable them to see in the dark ? 

DR. A. 

This will only go to a certain extent ; but there 
is a cwous provision for seeing in the dark, which 
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oiich animals have, and that is, tliai tlic inner ineni- 
hrane of the choroid coat, instead of being covei'ed, 
111 its inner surface, wholly with the black paint 
which I have mentioned as belonging to it in man, 
lias a greater or smaller proportion of it of a pearly 
white, or of a y(‘How', green, bine, or variegated 
colour, by means of ^ Inch there is a n^lection, 
insteail of an absorption of rays, from the bottom 
vif the eye. In the cat, and animals of the cat 
kind, whicli prowl about at night for tbeir prey, 
this is eminently the case ; and tbeir eyes occasion- 
ally glare in the dark, wlien the pupil is miieli 
enlarged, by tlie reilection of light from the lucid 
covering which I mention, and wliicli i^ called the 
fajjetum hicidurn or liicitl carpet. Horses have 
kewisc a coloineii, instead of a black surface, 
and they are thus enabled to see tbeir way in the 
dark, wlien llicir riders arc at fault: this is als{> 
the case vvitli cows, sheep, dogs, and various other 
(jnadrnpeds ; but birds are without it, as aio fish, 
with the exception of the skate ; and this is rather 
remarkable, for it might be imagined that fish 
would have occasion for every means of increasing 
fight, in pursuing their prey, or in looking out for 
an enemy at great distances, and at vast deptlis), 

IIAIUilET. 

lint are wo to suppose the faculty of seeing diir- 
ring the day, diminished by animals being eiidowcil 
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witli such a peculiarity of organ, as enables them 
to sec in a superior manner during the night ? 
For as the total darkne««5 of the interior of the 
human eye is advantageous to it, as an optical 
instrument, and is well adapted to its seeing 
well in ordinary light, one would imagine tliat the 
same must be the case with the eyes of other 
iiihmals. 

DR. A. 

Tliere is certainly a difficulty in the point which 
you mention, that has notbeen altogether cleared up; 
for though some of the human race who Iiave the 
peculiar defect of sight which is called night vision, 
and see best at night, see imperfectly during the 
day, yet some of tlie animals which I have named to 
you, particularly the cat, have very keen vision as 
well by day as by night. It is very possible, how- 
ever, that the eye of man may derive the accuracy 
and precision which fit it for the particular exami- 
nation of minute objects, and which are unnecessary 
in other animals, from the impingement of rays on 
the retina being unaflected by reflection from the 
neighbouring chor id. — We have been lately in- 
formed by two eminent French physiologists,* that 
in fish which require to see well in the depths ol‘ 
the ocean, and in such birds as have occasion for 
accurate vision rt great distances, there is an am- 
plification and extension of both the retina and 


* MM. Magendie and Desmoulins. 
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optic nerve in the interior of the eye, by means of 
a sort of fold or doublings, which give a greater 
extent of sensible surface, and therefore augment 
the power of this organ of vision. 

I must not omit to notice to you, the very remark- 
able eyes which are possessed by insects, and which 
are so unlike any which exist in the higher orders of 
animals. Some insects have simple eyes, that is, 
eyes which seem composed of a single lens; in 
others, these simple eyes are collected into a body, 
and these have been termed conglomerate. But 
the most extraordinary are the compound eyes, 
which are those possessed by most insects, and 
wliich, with the glass, ]iresent an appearance re- 
sembling shagreen. This arises from the eye 
being traversed witli numerous dark lines, cutting 
each other at right angles, and forming little 
squares, within each of which is set a six-sided 
convex lens. The inside of these lenses is covered 
with a black varnish or paint; and behind this, 
are minute white threads, of the shape of liexa- 
gonal prisms, which fit into the groove fonned by 
the sides of the hexagonal lens, and are separated 
from the latter by the black varnish. TJie threads 
are inclosed in a black unvarnished membrane, on 
which the optic nerve is expanded, and from 
which they are derived ; so that they may be re- 
garded as the retina of the eye, and the dark mem- 
brane, as the choroid coat. But it is difficult to 
D 2 
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perceive in what way vision is produced by an im- 
pingement on a retina, having black paint inter- 
posed between it and the rays which are to be the 
subjects of observation. If you ex.itnine the head of 
a fly with a pocket glass, the appearance of sliag- 
reen will be very apparent. 

HAIiniET. 

It is quite evident, but I cannot make out the 
lenses which you describe. 

nil. A. 

This is owing to the black paint which lies be- 
low them ; but liere is the liead of a dead fly, di- 
vided in such a way, as to separate the siiagreen 
surface from the parts below. On placing this in 
the field of my little microscojie, and throwing 
sonic light upon it, you will have the brightness 
of the lenses well defined. 

HARIlIE'l. 

Beautifully so : but they seem to be rather shin- 
ing points than to possess any well described 
figure. 

DR. A. 

This is from the power of the instrument not 
being quite suffici^mt to give you the full effect of 
this appearance, and of the shape of the hexagonal 
prisms of nervous matter, which I have mentioned 
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as being continued from the lenses, and whicli ap- 
pear as slender, light coloured threads. 

SOPHIA. 

, But what a number of these little lenses theie 
must be. They seem to be innumerable. 

iJR. A. 

'rhey vary in different insects, some have very 
few, not more than fifty; but Hooke computed 
those ill the eye of a horsc-fiy to amount to nearly 
7000; Leeuweiihoeck found more than 12,000 in 
that of a dragon-fly ; and still more have been ob- 
served in the eyes of butterflies. It is to be [)re- 
sumed, that the number and minuteness of tliose 
lenses are necessary to that microscopic nicety oi 
vision, which insects must have, in order to provide 
food, and avoid injury. As their eyes, too,' are 
W’ithoiil motion, a structure such as that which I 
have now mentioned, was wanting for the re- 
ception of rays from all directions. — The ap- 
pearance of the opaque substance below these 
lenses, produces the beautiful metallic hues, for 
which the eyes of some insects are remarkable. 

The remarks whicli 1 have made relative to tlie 
eye, refer principally to it as an organ of vision ; but 
there is much curious structure external to the 
eye, for the purpose of giving it motion, and af- 
fording it protection. — For the first purpose, six 
D 3 
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muscles arise from different parts of the orbit, and 
are implanted into the sclerotic coat, which produce 
tlic varied movements of which the eye is capable. 
In order to protect the eye, the ^ yelids are, in the 
first place, the principal agent. These have a 
ready motion, and a peculiar watchfulness and 
sensibility, so that they, and the edge of hair by 
which they are bordered, and which are called the 
cilia, or eyelashes, continually guard the eye from 
the introduction of irritating matters from with- 
out. 


HARRIET. 

The tears are produced, I suppose, for the pur- 
]K>sc of washing out any irritating substances which 
may get into the eye ? 


DR. A. 

This is not the only use for which they are in- 
tended, for they also serve to keep the eye moist. 
Tliey are st^creted from a gland known by the 
name of the lachrynjal gland, which lies under the 
orbit, at the upper and outside of each eye. The 
secretion from this gLnd is continual, even during 
sleep ; and is carrictl to the surface of the eye, by 
several small ducts or tubes, which open u})on the 
inner surface of each eyelid. 

HARRIET. 

But then if the secretion of tears is continual. 
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liow does it happen, that the eye is not perpetually 
weeping? In the day-time, evaporation might be 
supposed to carry off the superfluous fluid ; but 
during sleep, when the eyelids are closed, this 
could not take place. 


DU. A. 

Your question is a very pertinent one, and \ 
shall explain to you how this occurs. The eye- 
lids are edged by cartilage or gristle, which keeps 
them regularly expanded, and allows them to shut 
clasely upon each other ; but this accurate approxi- 
mation is only on the furc-part ; for behind, 
there is a small conduit, wliich conducts the tears 
to two small orifices, called puncta lachrymal ia, oi 
lachrymal points, one situated at the extreme innt i 
edge of the up])cr, and the other at that of the 
lower eyelid. You may see, by careful exami- 
nation, a small point on each eyelid, which are tin* 
points mentioned by me. 

ClIAULES. 

You mean at the vei’y projecting part, where 
the rudiment of the nictitating membrane com- 
mences. 


DU. A. 

Exactly so. These orifices have cartilaginous 
margins, so as always to keep open. They arc 
thus ready for absorbing the tears, and are sc> 
D 4 ^ 
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small, as to act by capillary attraction, that is, 
you may recollect, by the particular property of 
very small tubes, of sucking up a fluid without 
any particular external agency. 

SOPHIA. 

Hut then where are the tears carried to ? 
nu. A. 

'riicsc orifices lead, by two small ducts, into a 
little sack or cavity', of.i iongitudinal shape, which 
terniiriates in a duct, opening into the cavity ol 
the nostrils, whert^ thc^ fluid is dilTused over an 
extensive surface, and evaporated by means ol 
the air passing continually over it. When the e 
ducts, leading from the eye to the nose arc oh- 
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striicted, the eye becomes weeping, and that par- 
ticular coinj)laiiit is produced, which is known by 
the name of fistula lachrymalis, or lachrymal fistula. 
You will be able to understand this from a little 
sketch, which 1 now show you, in w'hich a is the 
lachrymal gland; dd^ the lachrymal points; c, tlie 
lachrymal ducts; /J the sac; and g, the duct lead- 
ing into the nose. 

CllAULKS. 

How very beautiful is all tliis contrivance; and 
indeed a little consideration mifflit convince us of 
the communication betw^een the eye and the nose, 
when we find that a considerable })ortion of fluid 
is thrown into the cavity of the nostril in weeping; 
and tliat this secretion is increased by any irritating 
substance getting into the eye. But how is the 
eye, which is so sensible to ordinary irritation, and 
the [lassages wliicli you have incntioiied, guarded 
against the continual agency of the saline Iluid, 
the tears ? 

nit. A. 

"riiis seems to be, by the secretion fi'om the va- 
rious surfaces to which they are apjilied ; and in 
the case of the eye-Iash.es, by a sebaceous or fatty 
matter, secreted by small glands, situated under 
the inner menibraiie of the eyelids, and having 
tubes, througli which their secretion is carried to 
their cilia or edges, which are, by this means, kept 
fit for accurate approximation. These glands 
D 5 
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are the seat of sties in the eye ; and when their 
secretion is much increased, as in inflammation 
of the eyelids, the eyes are often nearly glued 
up by their increased secretion. 

HARRIET. 

One would imagine that animals which live in 
water, and have, therefore, the eyes kept always 
moist, would not require tears, as those who live 
in air do. 


1)R. A. 

And therefore tliey arc without any part of the 
apparatus for secreting them ; for nature, while it 
does not withhold proper accommodation, gives 
no organ which is unnecessary or useless, 

SOPHIA. 

Tlie motions of the head seem to be well calcu- 
lated to assist the eyes, and to enlarge the sphere' 
of vision ; but I suppose the eyes have their posi- 
tion directed by nature, according to the wants 
and character of the: animal. 


DR. A. 

Certainly: in man, and some other animals, 
die eyes are jilaced chiefly to look forward, but at 
the same time so as to take in nearly a whole hemi- 
sphere. In birds, their lateral position enables them 
to embrace almost a sphere, in order the better to 
assist them in discovering food, and announcing 
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danger. In hares and rabbits, the eyes are not 
only very prominent, but arc placed so as to look 
behind as well as before, and thus to sec an ap- 
proaching enemy ; while dogs, whose habits are 
rather to pursue than to avoid, have their 
eyes set more forward in their head. — 1 have 
already mentioned the immensity in number nl 
the eyes of many insects. Spiders have no mo- 
tion in their heads, and have four, six, or (iight 
eyes, to increase their sphc]*e of vision, which 
are placed in every variety of form in tlifferent 
species. The snail has four, but they are in- 
serted at the extremity of their horns, the motion 
of which enables them to be turned in all direc- 
tions. The lobster likewise has no motion in its 
eyes, but they are situateil at the end of two move- 
able peduncles, so as to be turned in various di- 
rections. 

There is an interesting circmnstaiice relative U' 
our appreciation of the direction of eyes, which 
I must not (Unit to mention to you before I taktj 
leave of vision. We aie sensible, of course, when 
the eyes of any person are fixed ui)on us ; and \vt 
have a perception of the exchange of even a mo- 
mentary glance. 

SOPHIA. 

Assuredly. 

DU. A. 

But in what way do we form this opinion ? 

D 6 
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SOPHIA. 

By observing that the eyes are directed to or 
from us ? 

OR. A. 

This is no doubt the case; but then is it by 
means of the eye itself, or by the relation which 
the eye bears to the other features, that we come 
to this conclusion ? 


SOPHIA. 

I should think the eye itself must give us the 
necessary information; for it is to this that the 
attention is particularly directed : though I must 
own I have never made this a subject of particular 
remark. 

CHARLES. 

One is certainly very apt to conceive, that the 
eye may be contemplated separately from the other 
leaturcs ; but yet it would be difficult, if not im- 
possible to do so ; and you therefore stagger my 
confidence in my first api)rchension as to the facts 
of the case. 


DR. A. 

It has been proved by Dr. Wollaston, who is 
one of the most distinguished philosophers of 
the present day, that if a pair of eyes be drawn 
with correctness, looking at the spectator, unless 
some touch be added to suggest the turn of the 
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face, the direction of the eyes seems vague, and so 
undetermined, that their direction will not appear 
the same to all persons. If to such eyes particular 
features be appended, they may be made to appear 
directed either to him, or from him, in a manner 
})erfectly unexpected. Dr. Wollaston, therefore, 
infers, that as in tlie portraits of eyes, we judge of 
the direction by the concurrent position of the 
entire iace, we do the same with regard to the 
eyes of living persons. He exemplifies his doc- 
trine in a manner equally ingenious and satisfac- 
tory, by some sketches, annexed to his paper in 
the Philosophical Transactions for 1824, p. 260. 
To a pair of eyes, with tlic eyebrows drawn from 
the life, by Sir Thomas Lawrence, intently look- 
ing at him, a turn of face was added, so that the 
eyes, with this accompaniment, appear decidedly 
looking at tlic spectator, thoiigli indistinctly so 
witlioiit it. By means of a flap, a set of leatures 
oppositely turned, arc so ai)plicd to the same eyes, 
lliat they look considerably to the right of the 
person viewing them. 

HARRIET. 

How exceedingly curious this must be ; it would 
be hardly possible to believe them to be the same 
eyes. 

DR. A. 

No one would, unless with complete evidence 



ORGANS OF SENSE. 


of their identity ; and in four other sketches of the 
saihe eyes, two of them have their apparent direc- 
tion altered by the mere position of the nose ; and 
^ in the others a corresponding difference is effected 
solely by means of the uppci half of the face. 
'Tlie same would happen if the eyes, instead of 
being drawn originally looking directly at us, were 
made to look a little to one side of us ; in whicli 
case they might be made to look at us, by apply- 
ing odxer features in a suitable position. 

CHAHLES. 

But I presume this very striking effect is limited 
to small differences. 

OR. A. 

Certainly, to changes of perhaps 20 or 30 de- 
grees ; for, as Dr, Wollaston remarks, it would be 
absurd to imagine, that an eye drawn in profile, 
could be made to look full on us ; or that an eye 
looking nearly at us, could be made to appear as 
profile. — But Dr, Wollaston likewise observes, 
that a total difference of character may be given 
to the same eyes, by a proper representation ol 
other features ; and tha<^ a lost look of devout ab- 
straction, in an uplifted and interesting lemak 
countenance, may be exchanged for an ap})earanct 
of inquisitive archness, merely by giving to the 
face a direction downwards, and to the opposite 
side. I must refer you to the original [)a])er, for 
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an illustration of all the circumstances which 1 
have mentioned ; but tdie change produced on the 
female countenance, in the way^ mentioned, illus- 
trates Dr. Wollaston’s principles so well, that I 
have made a sketch of it for your inspection. In 
this sketch, the. alteration of features, produced by 
the removal of the flap, must appear to you wholly 
unlooked for. 

SOPHIA. 

The effect is exceedingly striking, and seems a 
perfect delusion. 

HARRIET. 

If the sketch with and without the flap were 
shown, WG should believe the two representations 
of countenance entirely distinct and independent ; 
but seeing them together, we are constrained, 
against the evidence of our senses, believe them 
the same. 

SOPHIA. 

The whole circumstances are highly interesting; 
hut I think Dr. Wollaston has been rather bold, 
in taking from the eye its long possessed dignity 
of independent lustre and expression, and divid* 
iug tJiese oft-sung attributes, with the unpoetical 
organs of nose and chin. It must have required, 
I think, all tlie merciful consideration of his female 
friends, to pardon such an offence against the ac- 
knowledged majesty of the eye. 
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OF THE ORGANS OF SENSF. 
HEARING. 


DR. A. 

The next of the organs of sense which I IntenJ 
considering, is hearing, which is the sensation 
communicated to the nerves of the ear, principally 
by means of vibrations of the air Iraiisniilted from 
the sonorous body. niese vibrations, or undu- 
lations, are collected by the external ear, in a sort 
of trunij)et-like tube, at the extremity of which is 
a cavity called the drum of the ear, or the tympa- 
num, which is filled with air, and is covered by a 
membrane called the membrane of the tympanum. 
The undulations act on this membrane, and through 
its means on a curious bony structure situated in 
its cavity ; while the impressions are, by the last 
bone of the series, propagated to what is termed 
thie internal ear, which consists of several small 
cavities, filled v/ith water, and having the delicate 
terminations of the auditory nerves diffused over 
them. 



HEARING. 


h5 


CHARLES. 

There seems, therefore, to be the same plan 
followed by nature in the arrangement of the 
auditory, as of the visual functions; the more 
external parts being destined to receive and com- 
municate impulses from without, to the more in- 
ternal parts, which are the immediate organs ol 
sense. 


DR. A. 

The funncl-likc tube, and the irregular surfaces 
of the outer ear, collect and concentrate the undu- 
lations of the air, so that they may act with greater 
force on the membrane of the tympanum. The 
external ear, in most animals, has also a con- 
siderable agency in this operation; Ibr its concave’ 
surface is jilaced, at the will of the animal, in the 
direction from which sound proceeds, in order to 
intercept a greater portion ol’ the waves or undu- 
lations. Among the more civilized nations the ears 
are so much tied down, as cntmely to lose the 
power of motion. 

SOPHIA. 

But do you suppose that we should have the 
power of moving our ears like dogs or horses, 
except for this early habit of binding them down? 

DR. A. 

Certainly not to the same extent, because the 
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ears are neither of a similar size nor shape ; but 
some eastern nations have a considerable power 
of motion in theirs ; and in some ancient statues 
they project considerably, whicii adds to the ex- 
pression of the head. Many people have the 
power of producing an obscure motion in the 
ears ; and in all, a muscular structure is plainly 
discoverable by dissection ; there being a muscle 
for raising the ear, another for carrying it forward, 
and two for carrying it back. 

HARRIET. 

Bitter wax is, I suppose, intended to prevent 
insects from making their way into the tube of 
the ear ? 


DR. A. 

It is designed for this purpose; as are likewise 
some small hairs which stand across the passage. 
The wax will sometimes increase to such an ex- 
tent, as to occasion deafness, by plugging up the 
passage, and thus preventing the propagation of the 
vibrations of the air to the membrane of the tym- 
panum. Tlie obstaCiCs to the entrance of insects 
are wisely intended ; for the internal passage is so 
very sensible, as to be capable of much pain and 
injury in case of irritation. 

HARRIET. 

The undulations which you mention as occurring 
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in air, are somewhat similar, I suppose, to what 
take place in water, when put in motion. 

DR. A. 

Certainly ; and though they are not visible, as 
in water, they may sometimes be felt in tremors on 
paper held in the hand, by the agitation of the 
air derived from a loud sound, which would not 
otherwise have affected the organ of touch. 

CHARLES. 

The passage of sound is, of course, very much 
affected by wind acting in an opposite direction. 


DU. A. 

Not so much as you would imagine ; for the ve- 
locity of air in the strongest wind is not equal to 
more than the twentieth part of the velocity of 
sound, and cannot, therefore, under any circum- 
stances, affect it more than in that proportion. 

CHARLES. 

But is the celerity of sound the same under all 
circumstances of strength and weather ? 


DR. A. 

It has been found that sound travels about 1 14*2 
feet in a second, or about a mile in 4i seconds, or 
13 miles in a minute. Its velocity is the same 
whether it is strong or feeble ; the sound of the 



GS 


ORGANS OF SENSE. 


human voice, or the report of a cannon : but in 
summer, when the air is not so dense as in winter, 
sound travels rather more rapidly; so it does in 
elevated situations ; while in tv ld foggy weather 
its pfogress is retarded. The ditference in no 
case is, however, more than a few feet ; and in a 
denser atmosphere, though the progress of sound 
is retarded, the same sounds are stronger than in 
thinner air. This, together with the quiet of 
night, appears to be the reason why sounds are 
heard better at this season. I may remark, how- 
evci’, that some late experiments in Holland, in 
the East Indies, and at Woolwich, make the velo- 
city of sound rather less than what it is usually 
considered to be. 


soririA. 

The knowledge of the velocity of sound will, in 
many instances, I suppose, inform us of tlie dis- 
tance of a body producing it- 

DR. A. 

Certainly; and that very readily: for if you see 
a flash of lightning, or of a cannon, or disco- 
ver the elevation of an arm making a stroke, you 
can, in any such instances, by ascertaining the 
number of seconds which intervene between seeing 
the flash and hearing the sound, by means of a 
stop-watch, make out the distance of the thunder- 
cloud, of the cannon, or of the man. A very ready 



HEARING. 


69 


inode of accomplishing the same thing, is by an 
observation of the pulse, which ordinarily beats 
about 75 times in a minute. ‘ With a small allow- 
ance, the number of beats intervening between the 
light and the report, will indicate the distance with 
sufficient accuracy for ordinary purposes, particu- 
larly if by means of a stop-watch the rate of the 
pulse be ascertained. Making each pulsation as 
tapial to 1000 feet of distance, you would be sufR- 
ciently near the truth. 

HARRIET. 

Hut is air absolutely necessary to the propa- 
gation of sound, or are there other substances 
which will answ'er the same purpose? 

DR. A. 

ll is necessary that sound should have some 
material by which to be propagated ; for experi- 
ments show, that in the exhausted receiver of an 
air-pump, sound is very much deadened, and lie- 
i-omes louder on re-admitting the air, though it is, 
of course, still a good deal diminished by the in- 
terjiosition of the glass. Water, however, com- 
municates sound very well, and so does any solid 
body, though the readiness with which the com- 
munication takes place, is much connected with 
the nature of the material. Sounds which are 
made in water, and heard in air, are pretty much 
the same as if they were made in air, and heard 
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ill water. In both cases the tone is about a fourth 
deepened: but the velocity with which sound passes 
through water has not been '‘scertained, though 
the sound of a large hand-bell, under water, was 
heard very distinctly and strongly, by the late 
Professor Robinson, of Edinburgh, when his head 
was plunged in water at the distance of 1200 
feet. 


CHARLES. 

Hut it would be difficult to make an experiment 
of this kind, so as to be unequivocal in its results, 
because the sound from the bell would travel to 
the car both by the water and the air. 

DIL A. 

Much care and attention must be necessary in 
making any experiments of this kind, and 1 won- 
der that the subject has not been prosecuted. — A 
piece of timber will communicate a sound from one 
end to the other instantaneously, or very nearly 
so ; for experiments have been made by the union 
of deal rods, to a great length, and the velocity 
has been calculated tu be more than three miles in 
a vSecond. The approach of cavalry may be heard 
at a greater distance, when the head is in contact 
with the ground, than by attending to the sound 
communicated through the air; and waggons will 
often communicate a slight impulse to the furniture 
of a house, before we hear the noise which imme- 
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diately occasions it. Dr. Young tells us, that the 
blow of a hammer on a wall, at the upper part of 
a high house, is heard as if double, by a person 
standing near it on the ground, the first sound 
descending through the wall, the second through 
the air. 


CHAUi ES. 

1 should think it not unlikely that the same 
might be the case in the experiment with the bell 
under water. 


DR. A. 

Not improbably; and if your Jaw studies ad- 
mitted of your being an experimentalist, this would 
be a good subject for a debut. — There are some 
^uljslances which communicate sound better than 
others; for instance, a voice can be heard at a 
greater distance over water than land ; and in a 
still day a whisper has occasionally been heard 
across the Thames. You may readily ascertain, 
on any long brick wall, in a quiet evening, that a 
very low voice or a loud whisper may be heard at 
the distance of between 300 and 400 feet. I have 
heard it at the extremities of a wall, not far from 
us, of above 400 feet long. 

1 mentioned to you, that the sound is impelled 
upon the membrane of tlie drum, which is very 
thin and sensible, and, through its medium, on a 
bony Structure, contained in the cavity of the 
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drum. This bony structure is exceedingly curious, 
not only in itself, but in the names of its difFerenl 
parts ; for they are termed the malleus or ham^ 
iner ; the incus, or anvil ; the orbicular bone ; and 
the stapes, or stirrup. 

CHARLES. 

Jliit is there any real resemblance in these bone^ 
to the things from which they are named ? 

DR. A. 

A good deal, as you will perceive from the an- 
nexed sketches, which represent these bones con- 
siderably enlarged. 



Malleus, or Hammer. 



Incus, or Anvil. 


Orbiculare, or Orbicular Bone 


Stapes, or Stirrup. 
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The connection which these bones have with 
each other, you will be able to apprehend from 
another little sketch, in which a is the bony mar- 
gin of the opening into the ear ; b is the mem- 
brane of the tympanum ; c the malleus fixed to 
it, and attached to the incus d ; e the orbicular' 
bone ; and f the stapes. 


o 



Tlie undulations of the air act, as I have already 
mentioned, on the membrane of the tympanum; 
this propagates an impulse to the malleus; the 
malleus to the incus ; and the incus to the orbicu- 
lar bone and the stapes. These bones are all in 
the drum of the ear; but the last-named, the 
stapes, is fixed to a membrane, covering a hole, 
called the oval hole ; and this membrane, like that 
of the tympanum, conveys to the parts within, the 
vibrations which the latter carries to the bony 
structure. 


CHARLES. 

Then are these bones put in motion by the vi- 
brations of the membrane of the drum ? 

£ 
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DR. A. 

Ii is supposed that they are; and this is exceed- 
ingly likely, as they are provided with muscles, 
which answer for the motions which would be 
produced in this line of propagation. — Connected 
with the drum of the car are some little cavities 
in the substance of the bone, contiguous to the 
ear, and which are called the mastoid cells, and 
are supposea to have some influence in increasing 
sounds. 

Cl I A KLES. 

You mentioned that the cavity of the drum is 
full of air; by what means docs it obtain entrance? 
For, if I understand the structure of the drum right, 
it is totally impervious. 

DR. A. 

The membrane of the drum is impervious; but 
ill its cavity is an opening, which is the termination 
of the Eustachian tube, a tube so called from Eus- 
tacliius, its discoverer, which opens in the poste- 
rior part of the moudi. It is through this opcaiing 
that the air is supplied, and fills the drum of the 
ear and the cells communicating with it. 

SOPHIA. 

Then I dure say it is, in some degree, by this 
opening that heuving is assisted ; for people are 
apt, in listening, to open their mouths, as well as 
direct their ears. 
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DR. A. 

There is no doubt of this being the case; and 
hence we find, in sore throat, that severe pain is 
occasionally propagated to the ear, iVorii this tube 
becoininjj inilained. If it is obstructed, too, deaf- 
ness is produced, because tiiere is a difficulty in 
the inip'ession.s beinii carried on from the tympa- 
num, in consequence ol' there being no yielding 
liclu!!*? it, as is the case when the air has free in- 
gress and egress. Ilcncc, in such circumstances, 
A sin:JI oj)cning in the drum of the ear has been 
found ll^eful in restoring the [)roper action of the 
parts. ]\[any doubts were entertained a.s to the 
profiricly of making such an opening; but at last 
its s; vvas <lemonstrated by Sir Asticy Cooper, 
men than twenty years ago, and the Copleiaii 
meu d of the Jio^ad Society adjudged to him 
for be enterprise. — Idle stirrup, I iinaitioned 
U* wu, is connected with a membrane covering 
the oval hole. This membrane separates tlie 
drum of the ear from another small cavity, 
called the vestibule; and with this vestibule, other 
cavities, called the semicircular canals, and the 
cochlea, proceed, both which, together with the 
vestiliule, are, from their involved and irregular 
shajie, known by the general name of labyrinth. 
These, parts form the proper organ of hearing; 
for o\er the Unini; of the whole of the cavities which 
they Ibrni, the auditory nerve is diffused ; and in 
E 2 
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order that the impulse propagated from the drum 
and bones of the ear to the actual organ of sense 
may be as forcible as possible, the whole of these 
cavities are lined with a watery fluid, which is, as it 
accurately fills them, admirably adapted for giving 
effect to impressions from the bones of the ear. 
The various ramifications of the cavities increase, 
in a small space, ^ the nervous expansion devoted 
to hearing; though the particular reason for the 
])eculiar shapes of these cavities is not known. 
There is one point, however, worthy of notice 
with regard to the labyrinth ; and it is this, that 
Nature has been so careful of losing nothing in the 
way of impulse, that she has made a second open- 
ing into the internal ear, from the tympanum, 
which is called the foramen rotundum, or round 
hole, and is covered with a membrane. This, it 
is obvious, will admit of a slight tlegree of move- 
ment propagated from the impulses on the mem- 
brane of the oval hole, through the medium of 
the fluid contained in all the cavities above men- 
tioned, and thus the ifervous ex})ansion will be 
more surely acted uf )n. It is • a matter of dif- 
ficulty to cornjirehend this complex structure 
without an attentive and accurate examination 
of the parts themselves ; but it will be rendered a 
little more intelligible by a sketch. 
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In this ybu will recognise the malleus, incus 
orbicular bone, and stapes. This last is attached, 
to the membrane of the oval hole, which opens 
into the vestibule, the central compartment of the 
sketch. The semicircular canals are towards the 
right; and the cochlea, so called from its resem- 
blance to a snail’s shell, towards the left. A small 
canal leads from the cochlea up to the tympanum, 
from which it is separated by a membrane cover- 
ing the round hole. These various ramifications 
of the labyrinth form, therefore, the proper seat of 
the organ of hearing, to which the other parts are 
only subsidiary. 


CHARLES. 

I have heard of some persons who are able to 
puff out tobacco-smoke from their ears. I can 
easily understand that this must reach the ear by 
means of the Eustachian tube; but in what way 
E 3 
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can it escape from the ear, since there is no open- 
ing naturally in the membrane of the tympanum ? 

DR. A. 

Whenever this happens, it must be through an 
artificial opening in the tympanum, which now 
and then occurs in complaints of the ear. It can 
never take place in the healthy state of tlie organ. 

CHARLES. 

You have informed us that in one particular 
cause of deafness, that of obstruction in the Eusta- 
chian tube, an artificial opening made in the 
membrane of the tympanum will restore hearing ; 
but I cannot understand how the destruction of 
this organ by disease is compatible with the con- 
tinuance of the power of hearing. I should think 
the internal parts would be so destroyed, before it 
could happen, as to take away hearing altogether. 


DR. A. 

Not to the extent which might at first be ima- 
gined ; for as long as the more internal parts of 
the ear are unaiFectcvl, some degree of hearing 
will still remain, even if some of the bones are 
destroyed, or come away by ulceration. This 
indicates that the proper organ of hearing is the 
labyrinth; and, indeed, in some animals there is no 
introductory tympanum, and no bones of the ear ; 
but the undulations of the air are received at once 
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on a membrane which communicates them to the 
fluid, and thus .to the nervous expansion of the in- 
ternal ear. If however in man, or those animals 
which have a tympanum, the last hone of the series, 
the stapes or stirrup, is destroyed, the membrane 
filling up the oval hole will be lost also; and as the 
fluid contained in the inner ear will in consequence 
escape, deafness will ensue, ^om the medium 
being lost by which the immediate organ of hear- 
ing becomes affected. It is to be observed, 
however, that the bones of the head are able to 
communicate impressions to the organ of hearing 
without the medium of the air, or the aid of the 
external ear. Thus a watch touching the forehead 
is heard with great distinctness, if the ears be en- 
tirely stopt ; and so is the sound of water boiling, 
by means of a poker touching the vessel, and taken 
between the teeth; or that of a tuning fork, or 
any other sounding body taken between the teeth. 

HARRIET. 

The auditory faculty must, I suppose, differ a 

good deal in its acuteness in different individuals, 

for some persons have very nice ears for music, 

and others can hardly distinguish one note from 

another. 

* 

DR. A. 

There is a great deal of difference between that 
power of perception which constitutes hearing, 

E 4 
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and that which is connected witli the appreciation 
of musical sounds. The former is a faculty which 
is possessed by mankind very much in common ; 
the latter varies exceedingly among different peo- 
ple ; but it appears from some new observations 
of Dr. Wollaston, that some persons are insensible 
to various sharp sounds, as the chirp of the house- 
sparrow and house-cricket, the squeak of the bat, 
and the noise of small insects, without having any 
other defect in the organ. 

HARRIET. 

There must be very little known, then, I pre- 
sume, about the circumstances which occasion a 
nice ear in music. 


DR. A. 

In that we are very much in the dark; for 
though Sir Everard Home has shown a’ muscu- 
lar structure in the membrane of the tympanum, 
both in man and other animals, particularly the 
elephant, and considers this structure, by means 
of the different degrees of tension which it is capa- 
ble of producing in the membrane, mainly condu- 
cive to the formation of a musical ear, yet as it has 
been ascertained, that a musical car can be re- 
tained after the destruction of the membrane of 
the tympanum, this opinion is not tenable. Sir 
Astley Cooper observed in a case, in which the 
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membrane of the tympanum, in both ears, had been 
destroyed, that the hearing was but little affected ; 
and that the person had an acute perception of 
musical sound, and sang with taste, and perfectly 
in tune. 


HARRIET. 

Do animals differ much in their powers of hear- 
ing, as it appears that they do in their faculties of 
vision ? 


DR. A. 

We do not know much of the comparative 
acuteness in the auditory faculty in animals ; but 
the elephant is said to be endowed with a remark- 
able sense of hearing, and its auditory organs are 
larger than in other animals, or man. Mr. Corse, 
who saw much of the habits of the elephant in India, 
and communicated some valuable information on 
the subject, to the Royal Society, gives some ex- 
amples of their acuteness of hearing. He states 
that a tame elephant, which was never reconciled 
to have a horse moving behind him, although he 
expressed no uneasiness if the horse was within 
his view, either before or one side, could distin- 
guish the sound of a horse’s foot, at a distance, 
some time before any person in company heard it. 
This was known by his pricking up his ears, 
quickening his pace, and turning his head from 
side to side. He also mentions ,|i tame female 
E 5 
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elephant) which had a young one, that was occa- 
sionally sent out with other elephants, without the 
young one being allowed to follow. She was not 
in the habit of pining after it, unless she heard its 
voice ; but frequently on the road home, when no 
one could distinguish any sound whatever, she 
pricked up her ears, and made a noise expressive 
of having heard its call. This having occurred 
frequently, attracted Mr. Corse’s notice, and made 
him, at the time the female elephant used these 
expressions, stop the party, and desire the gentle- 
men to listen : but they were unable to hear any 
thing, till the3{. had approached nearer to the place 
where the young one was kept. — There is a cellular 
structure connected with thecavity of the tympanum 
in the elephant and the owl, which is supposed to 
be in some way favorable to hearing, inasmuch as 
the latter, as well as the former, has acute hearing. 
— I mjiy mention that the ears of fish have no ex- 
ternal openings ; and that animals which have 
much occasion to dive, as seals, have a valve for 
the purpose of closing the external ear ; and this 
is the case likewise with owls, and with some of the 
more rapacious birds, the motions of which last in 
pouncing are exceedingly rapid. 

The ears of animals offer a great variety of 
structure, from the existence of a mere sac, having 
a nervous pulp expanded upon it, up to the com- 
plicated appai^tus of the mammalia, and particu- 
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larly of man, who, though he does not hear so 
acutely as some other animals, has, nevertheless, 
in his nice discrimination of language, and in his 
exquisite susceptibility to musical impressions, a 
perfection of the sense, which the lower animals do 
not possess* In the human ear there is not only the 
most material part of the apparatus for communi- 
cating vibrations to the internal organ, but the 
most extensive distribution of nerves in its inmost 
recesses for receiving those vibrations. There is 
every reason, however, to suppose, that as some 
small animals have microscopic eyes, and possess 
a power of vision far beyond what ^ necessary to 
us, or what we are capable of exercising, there is 
also, in many, a minute and accurate appreciation 
of sounds, of which we can form no idea. 
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OF THE ORGANS OF SENSE. 
TOUCH. 


DR. A. 

In the account which I gave you of the integu- 
ments, I mentioned that the skin is plentifully 
supplied witl/'^herves, to which it owes its peculiar 
sensibility. — This sensibility is diffused generally 
over the whole surface, and foi*ms the principal 
means by which we become acquainted with many 
of the properties of substances, as heat, cold, 
hardness, softness, solidity, figure, extension, and 
motion. But though the sense of touch is dif- 
fused over the whole body, the fingers are more 
particularly endowed with it ; and hence it is by 
them that we more particularly examine the qua- 
lities of external bodies. 

HARRIET. 

1 have heard that man owes a great deal of the 
powers of discrimination which he enjoys in his 
hands, to the peculiar position and strength of his 
thipib. 
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DR. A. 

I have no doubt of this being the case, for 
the thumb is a very important organ in the 
examination of the form of bodies ; and though 
the monkey tribe, or quadrumana, have hands a 
good deal similar to those of man, yet their means of 
becoming acquainted with the properties of bodies 
is less complete than ours, from the thumb being 
weaker, shorter, and less easily brought to meet 
and oppose the fingers : for you may observe that 
it is by opposing the thumb to the fingers, that we 
seize and examine the most minute bodies, with 
the greatest accuracy. There is lil^ewise this im- 
portant difference, that we have the power of 
separating, and acting with the fingers separately, 
which monkeys have not, from wanting the parti- 
cular muscles necessary for the purpose. — There 
arc little elevations of skin called villi, from their 
supposed resemblance to the pile of velvet, on 
which the minutest ramifications of nerves and 
blood-vessels are diffused, so as to impart to them 
the utmost sensibility. This sensibility may be 
diminished by disease, or in some rare cases 
entirely lost ; and though the diminution of sensi- 
bility is generally connected with a diminished 
power of motion, yet this is not always the case, 
as I have already had occasion to notice. 

SOPHIA. 

You mentioned that the proboscis of an elephant 
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and the snout of a hog are the organs of touch in 
those animals : I suppose that every living crea- 
ture has some particular part of its body to which 
it owes the sensations of touch. 


DR. A. 

Most animals have organs of touch more or less 
perfect. In the ruminant animals, and horses, the 
lips or tongue seem to answer this purpose, as 
does the upper lip in the rhinoceros. The whis- 
kers of animals of the cat-kind serve the same 
end, the bulbs of these hairs being largely sup- 
plied with nerves. The combs of cocks and tur- 
keys give those animals feelings of touch; and 
geese, ducks, and other animals which seek their 
food much in mud, have their bills covered with 
a very sensible skin, which is supplied with an 
abundance of nerves. The tails of some animals 
have an extraordinary prehensile power, by means 
of which they can seize any thing as with a hand. 

CHARLES. 

But how imperfect must all those modes of ex- 
amination be, to the nice organs possessed by the 
human race, by means of which our examinations 
into the properties of bodies are so minute and 
elFectual. 

DR.A. 

f ^or the purpose of their nature, the organs 
touch in animals are sufficiently well adapt- 
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ed ; and in particular for assisting them in their 
appreciation of danger, and in their search 
after, and discrimination of food; but the hand 
of man is so superior in the nicety of its form- 
ation, as well as in the acuteness and diffusion of 
its sense of touch, to anything which is possessed 
by other animals, as to have been termed by Aris- 
totle, the instrument of instruments ; and to have 
been regarded by some philosophers, and in par- 
ticular by fiuffon and Helvelius, as one of those 
organs to which we are mainly indebted for our 
superiority over the inferior animals. Buffon car- 
ries his notions so far, as to suppose that one man 
may excel another in genius and ability, only be- 
cause he has earlier had the unrestrained use of 
this sense, which the practice of swaddling in 
another, though carried on merely for six or seven 
weeks aftei‘ birth, would interrupt. He also sup- 
poses, that the sagacity of animals is greater in pro- 
portion as their organs resemble those of man; 
and that hence the hand of. the ape, and the trunk 
of the elephant, make these animals superior to all 
others. Helvetius even goes so far as to consider 
it not admitting of a doubt, that i^ nature had 
terminated our wrists by the hoofs of a hors^ in- 
stead of flexible hands and. fingers, we should 
have been, at this time, wandering in the forest 
like wild animals. 
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HARRIET. 

What a humiliating and degrading idea ! l^hese 
philosophers seem entirely to put aside the intel- 
lectual part of man, that high glory and distinction, 
by which he is approximated in nature to the great 
Being to whom he owes hi§ existence. 


UR. A. 

Whatever may be the nice adaptation of the 
parts of animals to the various functions which they 
have to perform; however they may even seem 
to exceed the human race in the perfection of 
some of their organs, yet man has nobler faculties 
than those of mere animal existence, by which he 
is placed at an immeasurable distance above the 
other races which inhabit the earth. Even if he 
had hoofs instead of hands, and were otherwise 
constituted as at present, he would still, as Mr. 
Dugald Stewart well observes, be man, in pos- 
session of all the faculties and powers which are 
characteristic of his nature, and capable by ex- 
perience, and the rr sources of his own mind, of 
making up, in part, for so material a defect. — 
There are many examples of people born without 
arms, who have been able, by means of their eyes, 
feet, and toes, by their t^eth, or by other parts 
of their body, to make very useful exertions, and 
to acquire, indeed, great expertness in various 
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mechanical employments. Persons have been re^ 
peatedly exhibited, who could use scissors very 
adroitly with their toes ; and some have been de- 
scribed, who could discharge a pistol with them, 
thread a needle, write, and even comb their heads, 
and take off their hats. One man is living near 
Exeter, who is without arms or shoulders, and 
yet can exercise many of the duties of a farmer. 
He is" able to lift great weights with his teeth ; 
can catch, saddle, and bridle his horses, and do 
various domestic offices with his feet; and can 
feed, dress, and shave himself, and write with his 
toes. He has been twice married, has ten chil- 
dren, none of whom have any natural defect ; and 
has, occasionally, battles with other men, in which 
he runs furiously at his adversary with his head, 
tripping up his heels at the same time. — But one 
of the most interesting examples of this kind, as 
you may remember, is that of a young woman, 
who had neither legs nor arms, and yet could sew, 
write, and draw. 


HARRIET. 

I perfectly recollect seeing her five or six years 
ago : her name was Beffin ; and we all thougi^t; she 
was destitute of legs, though, ive were not quite 
certain, and did not like to make any inquiries 
which might be uncomfortable to her. In working 
with her needle, she employed her mouth, tongue, 
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and teeth ; together with a small stump, which ex- 
tended four or five inches below the shoulder; 
and in writing and drawing, j;he guided, with her 
mouth, her pen or pencil, which were fixed by a 
sort of loop to the stump of the right side. 


DR. A. 

Ill all these examples, there is a directing and an 
ennobling principle, of w'hich the brute creation 
is destitute, and the want of which makes it pre- 
serve, age after age, the same relative position in 
the scale of existence. Man, therefore, is not the 
wisest of animals (as a great ancient physician ob- 
served), because he possesses hands, but hands are 
given to him because he is the wisest of animals ; 
for it is not by his hands, but by his reason that 
he is instructed in the arts. 

There is a very important circumstance con- 
nected with the sense of touch, which is the assistance 
that it gives to vision. When we consider that our 
perceptions of visible objects arise from a picture 
of such objects falling upon the retina, we know 
that our sense of vision merely communicates to us 
a picture of a certain magnitude, and of certain 
varieties and shades of colour. If we did not know 
by toucih the forms of these bodies, and were not 
acqiHtiiited with their particular shades, and ap- 
parent magnitudes at different distances; if we 
we^e ignorant that there were differences of shade^ 
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answering to the different prommences and depres* 
sions of objects, the picture of the retina would 
inerely be that of a fiat, coloured, and unmeaning 
surface. 


SOPHIA. 

But are we not sensible, when we view a picture 
of any object, though we know that it is a flat 
surface, that it represents objects of various shapes 
and forms, and that by the different shades and dif- 
ferent magnitudes, objects at various distances are 
depicted ? 

DR. A. 

Certainly ; but then we have the previous know- 
ledge which enables us to form such conclusions. 
Let us take, for example, the pillar on which the 
dial-plate is fixed. Of what shape and size is it, 
what is its distance, and of whnt material is it 
constructed ? 

SOPHIA. 

It is round, to be sure; about a foot in diameter ; 
made of stone ; and at about a dozen yards’distance. 

DR. A. - 

The answer seems easy, but how do you come 
to these conclusions ? 

SOPHIA. 

Why surely there can be no doubt of my cor- 
rectness as to these points? 
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DR. A. 

There is none as to your correctness ; and no 
philosophy is required to communicate the infor- 
mation ; but how do you know that it is round ? 

SOPHIA. 

I see that the light and shade are placed in a 
particular manner ; and even if a flat body were so 
painted, it w'ould give the impression of a round 
one. 

DR. A. 

Unquestionably it would ; but if you had not, 
by feeling the pillar in question, or other round 
bodies, become acquainted with what roundness 
is, and had not known that roundness was invari- 
riably characterised by certain shades of surface, 
you would have known nothing about the matter. 
The size you judge of by comparison with other 
bodies of known dimensions ; that is, such as you 
have either touched, or compared with others 
which you have touched. You obtain a knowledge 
of distance, because distant objects are not so vivid 
as when near ; and th jn their images bear certain 
relations, in perspective, to other bodies of known 
magnitude. The material, stone, you know by 
handling it ; and wheii you have once seen, and 
tou^jb^ it at the sane time, the feeling of hard- 
l^coldness, roughness, or polish, as the case 
are immediately brought to your mind, 
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and give all ,the requisite information whenever 
you see the particular substance again. 

SOPHIA. 

Then, in fact, it would appear, that we have 
every information of this kind to learn : at what 
period does our education commence? It must 
begin in the nursery, for I am sure that our little 
Eleanor ktiows the shape of the pillar as well as 
we do. 


DR. A. 

Have you never observed what delight an infant 
takes in handling bodies which ^re brought near 
it ; and as it grows in strength and intellect, how 
readily it recognises objects, and how correctly it 
recollects previous impressions? The whole of 
early life may be said to be a period of education, 
of that species of education which masters would in 
vain supply, which nature has placed within our 
own power, and which is obtained by the spon- 
taneous exercise of our faculties. 

HARRIET. 

This is very wonderful, but yet very reason- 
able ; but. what would be the circumstances of a 
person who suddenly regained his sight (if we 
could suppose any such) with regard to external 
objects? he would have no previous means of 
comparing the perceptions of sight and touch, and 
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would therefore have to learn their relations to 
each other, before he could know that the white- 
shaded surface of the pillar related to the object 
which we know to be the actual body. 


DE. A. 

He certainly would ; and I am happy in being 
able to communicate to you a very celebrated case 
from Cheselden, a distinguished surgeon, who died 
about 70 years since, which ^throws much light 
upon this subject. It is that of a young gentle- 
man, who was born blind, or lost his sight so 
early, that he hjid no remembrance of ever having 
seen, and was couched between 13 and 14 years 
of age. He was never so blind a»not to be able 
to discern day from night, and in a strong light 
to distinguish black, white, and scarlet ; but he 
could not perceive the shape of any thing ; nor did 
he know, when he was able to see, that the 
colours which he could distinguish in a strong 
light before the operation, were the same as those 
which he saw after it.^. When he first saw, he 
was so far .from bel.ig able to judge of distances, 
that he thought all objects whatever touched 
his eyes (as he* expressed it), as what he felt did 
his skin ; . and thought no objects so agreeable as 
those were smooth and regular, though he 
could .form no judgment of their shape, or guess 
wba#it was in any object that was pleading to him. 
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He knew not the shape of any thing) nor any one 
thing from another, however different in shape, or 
magnitude; but upon being told what things were, 
whose form he before knew from feeling, he would 
carefully observe, that he might know them again ; 
but having too many objects to learn at once, be 
forgot many of them ; and (as he said) at first he 
learned to know, and again forgot a thousand 
things in a day. One curious particular Mr. Cbe^ 
selden merftions. Having often forgotten which 
was the cat and which the dog, he was ashamed to 
ask ; but catching the cat, which he knew by feel- 
ing, he was observed to look at her steadfastly, 
and then, setting her down, said, So, puss, I ^hall 
know you anodier time.” He was very much sut- 
ptised, that those things which he had liked best, 
did not appear most agreeable to his eyes; expect- 
ing that the persons would appear most beautiful, 
whom he loved most; and such things most agrees 
able to his sight, that were so to his taste. It was 
thought that he soon knew what pictures repre- 
sented which were shown to him, but this was 
afterwards found to be a mistake ; lor about two 
months after he was couched, he suddenly dis- 
covered that they represented solid bodies, when 
to that time he considered tliena Only as party- 
coloured planes, or surfaces diversified with variety 
of paint. But even then he was no less surp^ised^ 
expecting the pictures would 'feel; like iho.thiifgs 
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^ey represented; and he was, amazed when he 
found those parts, which by their light and shadow 
appeared now round and uneven, felt only flat like 
the rest; and asked which was the lying sensi^ 
feeling or seeing ? Scarlet he thought the most 
beautiful of all colours ; and of others, the most 
gay were the most pleasing; whereas the first time 
he saw black, it gave him great uneasiness, yet 
after a little time he was reconciled to it; but 
some months after, seeing by accident a negro 
woman, he was struck with great horror at the 
sight Being shown his father*s picture in a locket 
at his mother’s watch, and told what it was, he 
acknowledged a likeness, but was vastly surprised ; 
asking, how it could be that a large face could be 
expressed in so little room ; saying, it should have 
seemed as impossible to him, as to put a bushel of 
any thing into a pint. 

At first be could bear but very little light, and 
the things which he saw, he thought extremely 
large ; but upon seeing things larger, those first 
seen he conceived less, never being able to imagine 
any lines beyond the bounds he saw. The room he 
was in, he said, he knew to be but part of the 
house, yet he could not conceive that the whole 
house could look bigger. Before he was couched, 
he expected little advantage from seeing, wortjh 
'4;i|fergoing an operation for, except reading and 
writlMfs for he said be thought he could have no 
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nioi$|jeAsiirQ in walking abroad, dian be bad in 
tSegai^en, where he could do so safely and readily. 
.A^^en blindness, be observed, b^ this advan- 
that be could go any where in the dark, 
if/uch better than thos6 who can see ; and ajfter 
had seen, he did not lose this quality, noi^ dfsire a 
light to go about the house in the night. He saic} 
every new object was a new delight ; and the pW 
sure was so great, that he wanted words to expre^i 
it; but his gratitude to his operator he cotlld not 
<;onceal, never seeing him, for some time, without 
tears of joy in his eyes, and other inarhs of 
tion : and if he did not happen to come at any 
time when he was expected, he would be 86 
grieved, that fie could not forbear crying at his 
disappointment. A yeaf» after first seeing, being 
carried upon Epsom downs, and observing ap ex** 
tensive prospect, he was exceedmgly delighted 
it, and called it a new kind of seeing* " Add 
being couched of his other eye^ he iatd 
objects at first appeared large to this eye, 
so large as they did at first to thq ^ 

ing upon the same objec{ witli^hdth ^ 
it looked, about twice as laxge 
couched eye only, but not 
way be discovered, 

This 

VOLs II. 
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nsraatiT^ snd it serves to places beyond a doub^ 
^ means by which we come to a knowledge of 
external nature. I shall not be so anxious, in 
future to prevent an in&nt from handling objects 
of its attention, since it m a species of lesson which 
it is gi^g to itself, and which is necessaiy to its 
premier education. 

DR. A. 

You must take care, however, that the disposi* 
tion to assist its studies, is not purchased at too 
dear a rate ; for you must recoiled, that a child 
makes no distinction between a wooden, and a 
glass cup, as for as the chance of destruction goes ; 
and that it is veiy long before it obtains sufficient 
knowledge and caution, to have all the trustworthi- 
ness of Harriets and Sophias. 

CHARLES. 

Have no contirmatiops been made of Chesel- 
den’s interesting observations, during the long 
.period that has elapsed since his operation was 
performed? 

OR. A. 

Ynh^nnst observe ffiat'tases of the kind men- 
tianed hf CheB4cl<Hi are very rare; for in the first 
pilijoe^ cataract Is a sfomplaint which very often 
twesjplaoe after riskin jhas been mijoyed for a long 
ped^^t^vitiiulyi and whan it has been bom with 
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a person, the operation may have been performed 
b^ore the age at wfaidi the necessary observadons 
could be sads&ctorily made. It may ISkewise hap- 
pen, that the blindness was less complete than in 
Chesdiden’s case; and last of all, that both ob- 
server and patient may be less acute and intelli- 
gent, than is necessary for accurate observation cm 
so difficult a subject A similar case was described 
some years since by the late Mr. Ware; but as 
the observations made relative to it, did not alto- 
gether correspond with those of Cheselden’s boy, 
though there was reason to suspect a greater de- 
gree of vision than in his case^ and therefore a 
less fitness for correct deduction, some degree of 
doubt was thrown on Cheselden’s hnmesting his- 
tory, which for 60 years previously had been un- 
questioned. There has been latdy published, 
however, by the ingenious Ilfr. Wardlrop, in the< 
Hiilosophical Transactions, the particulars of a case 
which agree, in the most important points, with 
Mr. Cheselden’s narrative. In titis ca^e, a lady 
of 45, who Was bom blind, had, when about six 
months old, her right eye entirely desttcyed by 
the effects of an c^ieration which was made fpr her 
r^iefat Paris. An operation ym likewue per- 
formed on the left aye^ but without suetpsa; and 
4, appears (hat owing, perhapi^ in sope degipe to 
^ operation! a contracti^ qod ^ ^tipe ^^cam- 
plate obUtq»don ^ the pupl} topk|dfoe^ witit tip 

f S* ‘ 



106 


OtlOAHS as BSJStSE. 


power of distinguishmg a very bright lig)tt only. 
This state of things existed whoi Mr. Wardro{> 
saw her j the fore part of the eye, or cornea, being 
transparent ; but the rajrs being Imable to pene- 
trate into the interior of die eye, from the phpil 
beingrshut up by the iris expanding like a curtain 
over it. The operation necessary for her relief, 
was therefore to take out a small part of the centre 
of the iris, and thus to make an artificial opening 
or pupil in it, which might allow the light to pass 
through the eye, and be impinged upon the re- 
tina. After three operations, the sight was re- 
stored, and she found herself in possession of an 
entire new sense. The first olgect which she re- 
marked, was a hackney-coach, when she asked 
*^hat large thing it was that had passed : she was 
much amused with various objects whichVere pre- 
sented to her; and enquired whether some oak- 
coloured dopirs, on the opposite side of the street, 
were red. She asked what a handkerchief was, 
which her broths threw over his face, and com- 
phdned of being bewildered with the new objects, 
and disftppcinted in nof distinguishing at once by 
the di^fs hrhich she coidd so readily discri- 
minate fitetarnimi another by &elmg them. 

. She toftett Irhat things sfete ; and could 
jfthrnuvldea whaVaft orange was, on the chimn^ 
the it* ’ -On being told ^at'^ it 

itrimr^^'^hve^erwns drinkh^, she . 






iQj^4!3m«d tii^t the 
w|e y^Iotr, pWervi^v(aS\^he^4^’$ bd^:^ p 
* I, shidh kiiow. tihat og^*’ _ ’ 

. %!it^ iHiii.^Ve^thiri^r^^ 

irhicfa, s^e |iad,,y*k:s^h»“an4 W equ^ly pinittjr; 
eve^ time /she . eti itiAi-She 

we^’confnsed with the mpltapltdtytd; .QG^^|^: ms4' 
mwited the obse^tians '^^of ,;.l^8tiihd^»V^hy»^^ 
sietpier in whiih^.,she starj^d hf 
flection of bright hght. wito ipiplea^^ 
ling. . She. was..- s^sibie of the- ,d^^^,iUhpnre$r 
slops from colours,^ mid soon leacnt theifr d^psri^t 
naipcit;' pre^hig; yellow, and; .tl«^"palft5/piftfe 
l%e bad'ihoch difSciilty ki.^reetfrig heirfe^/^h^pft 
cibjeeV *bd finding its' ppsidopi: i^^.hii^hai|!|^ 
■ as;wcdl as her eye/ ia varipua-^pu^^a^O^ '^;^ 
sop wh^ hhndfoJded, .OT 
his hands for what he wishes ->8 

times -when an .plpget .waa'4ieldcjicjbse-;tOki^iii^\< 
the 

J^do|e;tp4»^f 

■■ 
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ttt^perfiom the lower part; saw objects erect; and 
could perceive motions; but on her leaving Lon- 
don, 42 dajrs after the last (operation, she found 
that she stiU had a great deal to leatn. 

CHARtES. 

It is very gratifying to find Cheselden’s case 
dius confirmed; for I have fabard doubts enter- 
tained of its correctness, though the results were 
exactly what had been fotretold would happen, under 
the (forcumstance of a person bom blind, suddenly 
recovering his sight Locke, I recollect states 
that Mr. Molyneux, on bdng asked whether if a 
metallic cube and sphere the shapes of which 
were previously known by touch, were placed be- 
fore a person-who suddedy regained his sight he 
trould know the one from &e other, was of opinion 
that he would not and in this Locke agreed with 
him. Mr. Wardrop^s experiment of the pencil- 
case and k^ is quite derisive of this point •— 1 
presume that per^ns who have been unfortunately 
derived of vision^ p rt^cularly at an early period, 
^have ^eir^othw senset end especially their hearings 
' tmdei^ ntnch fnore^ acut^ in order to mate uu 

forthed^^, ' . ^ 

• V _ • 

NBB. A* 

'if ^jmefy ol^chfoted by Froridefip^ that thi^ 

is a Mmifn ntIniT riven i>t inoit'of foe corufodst 







defects which. us.„. jito 

eaceo^lified w^OT.Jhe.^lrai^'.h#^^ 
and^h: is very str^giy.,i^. Vfitnji^ 
hearing, pow^ of .tQa<^^5L,^4. ?f 

dbservaticHi, become much mdte nice and accurato. 
than in ordinary circui^tapces. 

,Th^ many examples on reco^ of blindL. 

m^ acquiringrgr^ fiicUify in cot^uedng tben^ 
selves about, and. in “— tirierhal^db* 



blihi^ "was able to tthti jWs way,’ wL,-^ 
was cov«^ With showj 'ovSr 







pTOuliar tg kimsel^' and whicb he c 
■ eipiam,:'fo.-n^' <ibs^^n|J^| _^ 
the most jatis&ctory nunp^*. '; V;.*, 

.' Dr.;''&tmders^o, 

nwricjs {^7Cfm^i9^ was (>he]of'#S'|ow 
d^imbieit ever,]ulowh of-hi^ittidllb;^ 

profound; and hisjsc|;i»^...it^^ 
and intrili^ble* 
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noine antique and a txnmterfeit meoai. ne naa 
a' similar &cal^ to tliat which I have already 
(jmentioned«.on the subject of hearing, in distifl* 
gaishing the distances of bodies ; and he could re- 
noilSct places pretty exactly, by the sounds 
pave^^ts, and the reflection of sounds from walls. 
He was a distinguished musician, and his ear was 
So mce, that he readily was said to be able to dis- 
criminate the fifth part of a note of music. 

Dr. Moyes was likewise remarkable for his ao* 
quiremmits inJSTatural Science^ and for his excd- 
ience as a lecturer, though he lost his si^t by the 
smafl-poE in infancy. He could, from early lift^ 
use edged tools with great dexteri^ ; and made 
little windmills, and even a loom. His power of 
disiirimmating sounds rms exquisite, both as to 
Ae size of rooms, the number of persons which 
they containedf'fhe height of those with whom he 
talked, 'and othef minute particulars. *He had a 
clltain |wrception of very vivid rays, whenrefi:act- 
a pnsm; and from red rays derived 
^^||^i;^^reeable sensationsy^hich he compared to ibe 
‘tonch ^ a saw*; while the green w&re agree^le to 
1x^4 c&Rv^ed to him the same idea as that 
-whicht Ws' jinoditced by running his hand 

. . A . . .. 

,f«»d Whippy hi 




I shoa|d.iiDaj^e the itf ^ 

for there most be a gre^t tnaojfihiWute s!^^ 
stwces to recoiled^, in ai\; th^t potauits m ^hi^' 
hUnd .persansr^<^ of which tho^ who/»8h;i<|(^ 
^^eno'idea. - . •. ■■ rV''!.-'* 


•.';:iHi'r- ' , ' /■ dr. M 

■. ' They are cut oflf frbmistt ohje^.'WJ^^^j^ftfi^^ 
the attention, and l&ve,- 
B^hinig' thmr ' sensations 'rii'ore 





*ft^' oRGAwi ^sr. 


.]>R. A. 


^6t th^ j$ ‘todi'a charm in htftiiidi iAtbiv 
' |6ttrs^ t^al; it certaiiil^ admits’ cn a questkm, id 
'^Mch .organ we owe most of enjoj^ents df 
li^rtl^.^ye or the ear<i! - 'If a per^ is.b^ bUni^ 
fhe htiailruig and odier organs, os' we bare seei^ 
ma^ up in a considerable d^rc;e for the i^e^t; 
» bom deaf, he is Also dmhb, and thus is en- 



from the grea^st blessing of lift^ 
liwe, the interchange of sentiment^ 


P’fto which' man owes so laigiely, his 
|!^d characteristic Enjoyments. But 
you ssy to the privation of two senses, 
id seeing? 


SOPHIA. 

4 ^ baldly conceive a . state of things so d^ 
fr^-.bat;.bAlf[:e any^ms^ces.of w unfor^t|hat;e 


been known ?>'« 


‘DRe’Ae ^ 


‘ Diderot have sproulated^ dhf^e 
object^ > which 


.. 6f diiaibr': rijo^^bf ■■die 

3^?;lc^aBisrnKl some' ye^ 







Moray, who Vas bom titfi/de^r 

The cireutnsltafit^ thisrCase ars;;^ p«mUi^.iluJ 
so interesting^' that I shall givo.yoQ, t^jd^psJof 
it at seme length; .referring yon ,to 
of the Edinburgh .Philosophical Transactibnit 
the original atSepunt *, by the very disl^{p|i8|^^^ 
Mr. Dugald Stewart. < 

This poor fellow was born in 179^, is .desenb^^ 
as bebg athletic and robust, htwing.an InteiUgmt 
countenance, and as being one of., a Iwge&n^, 
in whom, diere were no cqiporeal' defet^.; 
mother, yeiy early dkeovered .du|^ he':W«t|.b]S^j 
from his.shewing no desire to^tun^huf eyps to ^ 
light; and that he was deaf^ fro;n no ii^is^.ht^ 
ever loud, being capable of awakaaing lum 
sleep. Very early in life, he .psed to be mucK 
pleased with striking a key, 'or any thing else|^^ 
'which communicated a sh^ sound, i^on tl^ 
teeth; but his principal gratification:'‘i^med t^l 
consist in sitting for an hour at.,a rim^ opposite, 
a small hole in the south, ;df . an ot^mo^ W' 

as to receive, dhectly up(m.;ih^. ^e8, the .1 
‘the > sun, which shone ih|dligh^" 

.^a .pert of the forenc^n. 

; with the brij^tt li^t of j 

^amusement fr<;nn.concentxt^^jrJ^| 
his by meaos.^^k 
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pebbles, or similar substances. But though he 
had perceptions of light, he derived little or no 
ibssistance from his eyes, as organs of vision. Ills 
most pleasurable sensations from taste and 
smell, and he eat with great voracity ; but he 
received great pleasure also from the sen'^e of 
touch, applying substances to the tongue, in order 
to feel their surfaces more accurately, and employ- 
ing himself frequently, for many hours together, 
in selecting from the bed of a river, winch runs 
within a few yards of the house, stones of a round 
^^pe, nearly of the same weight, and having a 
certain degree of smoothness. When visitors ar- 
rived, who were most frequently males, he dis- 
covered the circumstance by smell, and first ascer- 
tained whether the stranger wore hoots: if lu did, 
he immediately quitted the room, went into the 
lobby, secured, and accurately examined his whip, 
went to the stable, and handled the horse with 
"^much attention. If there was a carriage, he would 
examine the whole of it with great attention, and 
try carefully the elasticity of the springs. On one 
occasion that d sire to visit the stable had 
contrived to lock the servants 
order to be allowed to accom- 

I make known his wants by a 
nalhral language. If he were hungry, he 
tonelM bia mother or sisters, and pointed to th^ 


beeto&wgi 


- v.He cotaSivea ti: 
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place where the victuals were usually kept. If he 
wanted dry stockings, he pointed to his legs ; aud 
upon one occasion, when shoes that were too small 
for him w^ere put away into a closet, he took them ' 
out of the closet, and put them on the feet of a 
young lad who attended him, whom they fitted 
exactly. Wlioii sick or feverish, he used to point 
to Ins he'uh or to put his inothei’s hand opposite 
to his luart, He expressed satisfaction or compla- 
ccnc\ by patting the person or object which ex!- 
(iiul this feeling; rage, by bellowing; and gr^at 
pleasure by laughter. He was most^ l^adily ma- 
naged by his sister, who notified her wishes to him 
by the different degrees of force, and different 
manners with winch she touched bis head. New 
clothes were his greatest delight. After his mea* 
sure Iiad been taken, every hour was full of 
anxiety, till the new suit was in his possession. 
He persecuted the tailor or shoemaker until his 
shoes or coat were finished, and was their guest^ 
morning, noon, and night, till the last stitch was 
drawn. Tearing bis clothes was the usual eXpres-^ 
sion of his anger ; and nothing was a greater > 
punishment, than being obliged to wear them 
when torn. He obtained, by carefhl examination, 
a certain range around the house, in whicb be 
walked fearlessly, and gradually felt hiearay^btto 
new ground. On one occasion, ha was se^ cr^e]^# ^ 
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across a narro^^£xMt-|bridg^ at a place where 
^ str^m was deep 'and rapid : but he was pre- 
tOnted' making any further attempts of a similar 
kind} by being plunged once or twice into the 
rirer, as soon as he was secured. During the 
cure of a wound on his foot, it was usually rested 
on a small footstool. More than a year afterwards, 
the boy with whom he used to play, met with a 
similar accident. As soon as he discovered this, 
which he did from the boy being stationary, and 
having bandages on his legs, he went up to a gar* 
ret} songh? out the little footstool, and bringing it 
in^his hahd to the kitchen, quietly placed the boy’s 


.I^ '^Wtot' to church, and conducted himself 
; but was without any appearance of re^ 
li^^ii^^elings. He was attached to his family; 
hfsiked die farm servants in some of their duties, 
ak^deahing the stable, and endeavoured to repair 
|)%!ached in' the farm houses, and to build hous^ 
wiUt turf. Some attempts were made to improve 
MaiSight; but though at first promising, there was 
at leug^ a ^cj^letei. failure. In a subsequent 
the Royal So<^ety of Edin- 
kte esteemed Dr. Gordon 
|h$^femfurther particulars are given, 

sitefiNits 

Wi^tractian. 
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' SOPHiAk^, - ’ 

You have infereeited ns exceedingly, by.ih4 hi^ 
to^ of this pooP'Ex^, who seems so much cut ^ 
from communication with the external' worlds yet 
he has amusements and gratifications. 

CHARLES. 

Hate ho recent accounts fa 
Such a remarkable 'case' shouia not oe :^£ist 
sight of. 


I have been surprised that, smce theaeoti^ 
which was given of him in 1815, so long 
should have elapsed without his faieing noticed' w 
the public; and it was only tiie other day that X 
was gratified by seeing, in the third voluhie of 
^wart’s Elements of the Fhilosophjrof the Huih^ 
Mind, just publMi^ a let^ ^th'- Miw 
addressied,.in Au|^t last, tci $hr^!X%hmas 
derj of Xlelugas, iti which the t^eoj^ of the biothinr 
was brou^t'Up tO'that tiimte.rr J itiutU in«mtiohith 
you the ptinci^ circnn^hMeaM^ch an^noticed 
in it,, songie of.it'hiclv.-it 
previous . lettm^to; 

Stewartt^ 'Which ^vo 

a lo^^ time v^ - ^ 



IJS OBOAl)b Of SENSE. 

^ y 

laisUes on die be4(i|[y but never entered into any 
of the boats. ' 

He was <nice thrown down by the leaders of die 
inaih«Qach, but not hurt. Ever afterwards, how> 
ever, he bolted aside whenever a carriage was ap- 
pn^llluagi. He is fond of smoking, ‘and has a 
regi:^ supply of tobacco and pipes, 2 pipes and 
^ of an ounce of tobacco per day; and never 
expects his allowance except at fixed times. Once 
he broke his pipe before the tiitie for receiving a 
new <Hie, and taking a halfpenny, which was in a 
c pp fciardt brought it and the broken pipe, with a 
supplicating dr, to his sister; but she made signs 
for his replacing the halfpenny, as she knew bow 
dangerous it was to relax, in the least degree, from 
die precision of her dealings with him. He was 
much displeased by her non-compliance ; but got 
a present of a pipe from an out-door friend, which 
put bun into good humour. — His mother, durmg 
her life-dme, used now and then to indulge him in 
litde things which his sister refused ; and he was 
in the habit, dierefore,^f making an appeal to her, 
when disappointed in his applications to Miss 
Mi^tdiell. He knows, however, that it is in vain 
to cf&posi^liBTr, any complice with his capricious 
wishes at apy dtn^ he has asked for any 

thing oat of dia conjtmon rui^ (which seldom hap- 
[J^^d been refiised» He takes the first &vour- 



able opportunity .of getting fpfjif hU dispteasure^' 
and becoming friends with his sister again. 

For 'some time After the loss of his mother* he 
seemed to experience the fear of losing his idster 
also; and when at any ^e she got away from 
home, he instantly went round eveiy ))art of the 
house in quest of her. He is continually anxious 
to secure her personal services, and will wait till a 
senr^t is out of the way, to get bis pi^ h'gfated* 
or have any other little office perftwosed by her; 
and in case of his sister’s absence will reserile sdl 
his little repairs till her return. |ie wallCS about 
fearlessly in all directions, manymilei^ frojBl|l^i4etii^ 
much amused with the various occOpatf<^j|^^|ldN 
men in Naim, the town where he nutS 
will climb ladders, and itoount scaffi)^thgiiy ^^j||, 
dread, and hitherto has dene So 
He makes himself at bcune eveiys^^|M|B|»W 
inoffensive, that he is allowed to 
and handle every thing at pleasUSSSt 
seem to contribute to his safety and^ftmtSetnenH 
and only on one occasion did he%ver«)ata'.^(FHlt4l 
rebuff, and that was at a 
pied by strangers, who Were 
witb his situatiom Hq- was, 
the femily tfaoi^t,^ faandlin 
M|^;s|UAd^ as‘ th^ got 
on the street 
tbe4)ip^«g$'t)ot 
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be gave them oU the Udcs and blows hi his power. 
He was terribly annoyed at this incident^ and was 
seen, just after the occurrence, by two gentlemen, 
bellowing with rage, and not to be pacified.-*-* He 
does not now'like the confinement of church, and 
thongh he accompanies his sister a little way on die 
road, he gently declines carrying the bible^ which 
he used to do when he wished to accompany her. 

CHARLES. 

How much the poor fellow is indebted to the 
htudneiss of his sister, for a great deal of the little 
enjoyment of which he is cepable. It is quite de- 
lightful to see how she devotes herself to his ser- 
riee; be may be smd to exist in her sympathy 
mid attadhtnents 

DR. A» 

JFames Madntosh had a long interview with 
them some years since; and in a letter to Mr. 
Stewftn; foelingly, and elegantly obswved of Miss 
MhiheU, that foe habitutd exercise of ingenious 
herieerolence seedtei' to him to leave its traces on 
hh!*' tkaturally agreeable featurei^ and to give an 
expresfom more delightful than beauty. 

I *briARL£S. 

I in what th^ poor fellow 

ee^* iff veed^yilhd his Va]l^ shout foe country in 
fill %^i${Gns, Hb- is* not' described ‘^as using a 



acuteness of faid sensadoos of toucb)r^at'l^j0;|^tM;l 
tspttlly guidody '86 ho' ii’ d<^titute, of asMgti WC ft 

frotn hearid^; ■ He is representediui# firstflna^* 
laboric^idy^: colored a. aniJI fspace’aiooi^jl^ 

hoose, Whicb; he 'tten'wrfk^ ;a*ve» 5 " ^ 

but now he seems; te be' abl«^'i» go i 
froth homewidmut (tieftaradoik;-' 



■^L 

..jcte4 suMcithit afi^(ido& ^ 
d^t uii assistbighiih ; bttt.tohd^ 
is the pnncipalf ag^i'-"-' 
amiable sister^ 6t ^me of h^di' ' v 
will du 

of appredaidng the ] 
htequalid^ of 8urfii^%jj|i^^Jfi®'!ii5 
meet Withi; - .lie the instaiW!e,;Ui^^^ 
adde at the iqppJ^o^ pf^^ I 
the TibradpQ from^the eEtic£h’'^0i0(} 
muiu^t^ wery; :seiv»bfy^^<^^ 
him wamhig;, of ihe ^Qii 
8yoi(h. 
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.tQ(i^ut out almost every aTenu#'4b comforl and; 
'^j03rraent. ^ ‘ < 

DR. -'A. 

]^t if you supposed a person, iU addition, born 
witbouf the. Sense of touch, he would, it is clear,' 
have no conception of the shape, -or of any other 
.Ofthe external characters of bodies, any more than 
.of Ihiehr, VisOdl^appearance. Imagine, likewise, 
die-seii^ of sliiell deficient, by which he could as- 
(^rtew .t^eh^hbburhood of certain bodies, giving 
^t '^i^n, inhalations j and the power of distin- 
fishing, by taste, the flavour of any thing received 
you .would leave to him hard^ an ave- 
Me of connection with the world in which we live. 
'1^^,,' therefore, from the earliest period of life, 
Jn^r^^dbly becomes acquired with ' external 
, |>y’ 4h'e^ jgrppei: . ®*>iployro®nt of hig 
.t^^t^ttfimctions on the one band/ inid of his. 
ifien^l-j^uldes on the other, he. acquires ah ele- 
vadih' tO that high rank in the'^ creation, which 



assigned to him.' 

L‘-A£ 

i*ppjjiiA. .. 


' of compen* 

tb«E. case • vvitb 
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difficult to form estimate. It cannot go fiuv 
however, for it is in a great degree by the powers 
of reasoning, co-^operating with the senses, that 
man is able to make up for any deficiency which 
he may have, either by accident or nature | and 
you have seen this remarkably evinced in the pro-^ 
ficiency which various persons have made in me* 
chanical arts, notwithstanding the want of hands. 

m 

CHARLES. 

And yet there seems to be a faculty in animals, 
which approximates to reason in jhan ; for when 
a well practised horse measures the height of bis 
leap, and will not atterngj^what exceeds his force 
and ability ; and while an old grey bound leaves 
the fatiguing part of the run to the younger, and 
places himself so as to meet the hare in its doubles, 
it cannot be denied that they enjoy a reasoning 
fitcuUy, to a certain ‘extent 

t » 

DR. A* 'tf, 

V i 

Animals unquestionably possess the poii^ers of 
external perception and memory, end they lihew^ 
exhibit judgment, which is strikingly exemplifiecit 
in the instances whidb you hamegiten; and’ some, 
of them are remarkalde ibr the fittecjttneot tii^hh;^ 
they have to individuals of the hti^an'rao^ .Jn 
these circumstances they tot 

widtoat going 'into metaph^ei4^y^l$ijl|0j^vdi^ ' 
great disernninatiog ^ 
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the strength of instinct, by which they are in- 
structed by nature in all that is necessary to their 
existence, while man requires experience, and is 
largely endowed with the faculties by which he can 
gain it. 

SOPHIA. 

It is curious that animals should come more 
perfect, if one may so term it, out of the hands of 
their Maker, than man himself. 

DR. A. 

But this is an acknowledgment of the higher 
faculties which man possesses, and which give him 
the means of obtaining knowledge and experience 
for himself. — Young partridges and grouse, when 
they come frorn^ their shells, are able to move 
. about among com, grass, or heath, without the 
apparent necessity of any experience as to the dis- 
tances of what may be injurious, or not. Chickens, 
as soon as they, are hatched, can run about in all 
directions, and can make their way in a straight line 
to grains of corn, ev^ at the distance of several 
yards, .whije man uas to gain accuracy of vision 
long ^P^^i^ce. In the early periods of the 
history of ^e creation was 

obliged^^^to^ be^ counted ^ with a rude hut, or a 
.nRtur^e^eav^dOit &r his habitation ; but the bee 
'jQojl^ufld its ceUs lyith all the mathematical pre- 
^hich it. is pow qapable, the bird its nest, 
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and the beaver its subterranean dwellings^ at the 
first creation of the animal, as well as at present. 
One of our greatest poets, makes man the imitator 
of animals, when he says, 

Thy arts of building from the bee receive. 

Learn of the mole to plough, the worm to weave. 

Learn of the little nautilus to sail. 

Spread the thin oar and catch the driving gale*** 

Instances of instinct are numberless in thennimal 
creation. — - There is a wonderful example of in- 
stinct in the migration of birds, which find their 
way over unknown regions by the unerring guid- 
ance of nature. The same is likewise the case 
in the ascent of fish up" almost insurmountable pb- 
stacles, to deposit their spawn in secure places ; and 
in the position which insects select for their eggs, 
for the purpose of insuring proper nourishment 
to the young, as soon as they require it ; and ill 
short, there are none among the infinite^ nume- 
rous races of animals which inhabit the earth, that 
do not afford beautiful examples of that instinct, to 
which, in so material a degree, they owe thdr ex- 
istence and their support. Of certain vi^ations in 
the application of their instinctive powers^ aiiimals 
are capable; and Huber’s delightful works Pn bees 
and ants, and Kirby and Spencers ! Entomplo^^ 
contain many eitamples of this kind ; but still diese 
powers are complete at fit^t, andldep^ 
degree, as in man, on the operatidil|i ^f 
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HARRIET. 

I" 

It is pleasing, in contemplating animals, to con-* 
sider them as having •disci.nnination and intelli- 
gence. The dog, which is our companion, and 
the horse, which contributes in so many ways to 
our gratification, would not be half so interesting 
and amiable, if we did not consider them capable 
of attachment, and having something of our own 
feelings in them. 

DR. A. 

There is an interesting anecdote, mentioned by 
Holcroft in his Memoirs, of the^attachment which 
race horses sometimes have to the boys who take 
care of them. These boys (and Holcroft was 
early in life one of them), sometimes fall asleep in 
the stalls, fiom fatigue; and in such cases, the 
horses will not he down for fear of injuring tliem ; 
and yoa know that our old chesnut is so fond of 
the stable cat, that he will take her up in his 
mouth widiout hurting her ; and she is continually 
lying upon his back as a place of ease and com- 
fort. 

CHARLES. 

What d^o you think* of Locke’s story of the 
speaking parro^ or rather Sir William Temple’s, 
IS quoted by Locke f 

^ DR. A» 

at the parrot was certainly a very conversable 



: TOireBf/ 


ammal, and i^cK cileveri^ tha^ 

(teg, dr the most learned of ^e 

•<; SOPHIA. 

I should be curious to 
extraordinary animal. - 

.. chahleS. 

It was a parrot which Prince JAlauriee;saw> at" ^ 
Brazil 150 yeai’s ago> that spoke, , 
answered common questions Iike.;ji^r^a$dpah^ 
creature. The prince c<^ersed bj^ 
interpreter, as the. parrottcould- qbty . 

zilian. The prince asked him aCbis 
interview, where he came from. / 

** Prom Marinnan.” Who do you 
To a Portugueze.” * What do^you ddttfi^^*^' 
I look after the chickens.*^ The princdla]l%^d^? 
and said, You look after the chickens 
and I know very well how tb. dajiitK^i^ 
chuckle 'te&r; dr five times, 


poultry t6 them^ . \ The prince^$ chjapia^'^jl#^ 

present, could noW bear the 

wards, for he thought they^^l k^dWii'4#^^ 




.ITji's wa^ 
tei's of 

> 4’ 
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repeat then), and about thirty words, including 
The, Caffe, Chocolat, Assemblee, after his master, 
a German peasant, who uiul employed several 
years in giving him these accomplishments. It is 
difficult to conceive, however, that the organs of a 
dog could admit of such appropriation ; and Mr. 
Steward is therefore of opinion, that it was by 
means of a species of ventriloquism on the part of 
the master, that the public, and Leibnitz among 
the rest, were imposed upon in this instance. 

It has been said that monkeys, when they have 
lost their teeth, have learnt to crack nuts with a 
stone ; and an elephant at Exeter 'Change, when 
a shilling was placed near a partition, but beyond 
the reach of the animal's trunk, blew hard against 
the partition, so as to bring the shilling within its 
grasp. You have all heard of the monkey that 
made use of the cat's paw to reach the roasting 
chesnuts ; and a story is told by a French philo- 
sopher, of a monkey that was chained so as not to 
be able to reach some nuts of which it was very 
fond, that snatched a napkin fi’om a servant who 
was passing, and made use of it to draw the nuts to 
him. He broke them by letting a stone fall on 
, them ; aiid once when the weather was wet, and 
the nuts sunk into the ground, he accomplished his 
* purpose by placing a tile under them. 

I^Iot withstanding, however, the sagacity which 
has bem exhibited by various animals, the faci- 
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ILty with which they may occasionally be taught, 
and the power of accommodation which they can 
sometimes exercise, yet the most sagacious of tliem^ 
tlie monkey, has never been known to keep up a 
fire, the warmth of which it enjoyed, by throwing 
a faggot upon it; nor the dog, though the witness 
and partaker of our cookery, to broil a single por- 
tion of raw meat. 


Ctr SI ' 
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CONVERSATION XIV. 

OF THF. PREPARATION OF TliE FOOD. 


DU. A. 

It. is DOW my intention to give you some informa- 
tion with regard to the mode in which the animal 
body is nourished, and you will find that a very 
extended and important system of organs is de- 
voted to this object. The functions of circulation 
and of respiration, I may obseiwe to, you, are car- 
ried on by means of organs situated in a cavity, 
which is, called the chest, or thorax; and those 
which £fre concerned in tlie preparation of the 
food, and in nutrition, in 'a cavity beneath, called 
the cavity of the abdomen. . The chest is occupied 
p^ncipally by the heart, and the lungs ; tlie abdo- 
men by- stdii^ch, tlie intestines, the liver, the 
spleen,’ an4, pancreas or sweetbread. The^ 

, t^o catfiti;^; dPijb^s^.are separated by a partition 
i|^ed the:diapli^a|^ or midriff, which is partly of 
. a,^<^y,. ah(j.p^tly;df'a -mepib^^ nature, and 

reaMy-gives way, to the alternate’ ex‘ 
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pansion and contraction of tlie chest in the action of 
breathing, to w Inch its muscular power eminently 
contributes. The stomach is the first of the 
organs connected with digestion; but previously 
to saying any thing of its nature or functions, it is 
necessary to state to you how the food is prepared 
for being taken into it. The stomach is connected 
\\itli the mouth by means of a long tube, which is 
called the cjcsophagiis, or gullet, and receives 
the food from the mouth ; but the first action to 
which the food is subject is mastication, or chok- 
ing, and for this purpose, man, and most other 
animals, are provided with tee nr, which differ 
in their nature according to the habits of the 
animal, and the particular description of food 
which is intended to nourish it. The subject of 
the teeth requires particular elucidation, and will 
form the business of our present meeting. 

SOPHIA. 

But have all animals not teeth ? 1 should have 
thought, that the dividing of food, which is requi- 
site with us, would be equally so with other 
animals. 


DU. A. 

With other animals using tlic same kind ol 
food it is so; but then we shall see that when 
nature has not given teeth fit for grinding, she' has 
other resources in the stomach itself» for that sort 
G 3 
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of preparation which it is necessary that the food 
should undergo, previous to digestion. Birds, 
for example, have not teeth; and with various 
other animals, as fish and serpents, ^he teeth seem 
to be only adapted to prevent prey from escaping, 
which is swallowed w'hole, 

SOPHIA. 

I cannot conceive how an animal, swallowed 
whole, can ever become adapted to nourisli ; for 
with us digestion would be impeded, I should 
think, if we were not to employ our teeth. 


DR. A. 

And yet you may have heard of boltings which 
is employed in some parts of England, especially 
when the more rancid and fat meat is employed. 
To bolt bacon, it is said, is one of the requisites of 
a former’s servant in Yorkshire. I have already, 
however, mentioned, that the power exercised by 
the stomach, is connected with the greater or less 
preparation which the animal is able to give to the 
food previous to its introduction; and of this I 
shall have occasion to give you examples, when on 
the subject of digestion. — The nature of the teeth 
depends on the nature of the food which the 
animal intended to employ; namely, whether it 
is animal, v^etable, or of a mixed nature. Ani- 
mala which live upon animal food are called car- 
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ilivorous; those which live upon vegetable food 
are called graminivorous; and those which live 
on both, or either, are omnivorous, a term exceed- 
ingly well adapted to man, who is to be reckoned 
among the most luxurious of this class. By the 
inspection of the teeth, we are therefore able to 
form an opinion as to some of the most material 
habits of an animal.— The teeth which first 
exhibit themselves arc called milk, deciduous, or 
temporary, from their being intended to continue 
only a few years, and then to be parted witli. 
Those which supply their places when they are 
shed, or which appear later, and are not shed at 
all, are termed permanent. 

The teeth in man are composed of two parts ; a 
bony, which constitutes the body of the tooth, and 
is in nature very similar to real bone; and a 
bright, smooth, thin external covering, called the 
enamel. The part which is out of the jaw is calleil 
the crown and neck; while the fangs, or roots, 
are planted deep in the jaw. There is a small 
cavity in the body of die tooth, which descends 
in the form of a small tube into the fangs, and 
contains the vessels and nerves which were em- 
ployed in the original formation, and subsequently 
in the nutrition of the toodu In the vertical sec- 
tion which I now show you of a toodi with two 
roots, A is intended to represent the enamel of die 
tooth ; B the bony part, or body ; and c the cavity. 
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extending into the faugs^ and apparent in a small 
hole at the noiiits of eaeh. 



SOPHIA. 

But Is not this the mode on which all teeth arc 
formed ? 

DR. A. 

The other omnivorous animals have teeth of ti 
similar structure; and such is likewise the cast 
with the caiTiivorous ; but in the graminivorous^ 
the enamel descends into the body of the tooth, 
and by forming several perpendicular layers, en- 
ables the tooth to resist, ranch move than it would 
do if made of bone merely covered with enamel, 
the attrition^ necessary^ mastication; for the en- 
amel would soon ue w^orn off, and then there 
would onfy be the softer substance of the tooth 
remaining. ' ^ 

ijCHARLES. 

^ I see that we able to distinguish between 
the teeth of the j^minivorous animal, and tho^e 
of tbe'qther two de3<:riptions, by enamel cover- 
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iiig the teeth, or descending into the body of 
theia ; but are there differences likewise between 
those of the carnivorous and the omnivorous 
animals ? 

1)R. A. 

In carnivorous animals, the teeth all fit into 
«\icli other very nicely, when brought into con- 
i.ict: whereas, in the omnivorous, there is a cer- 
tain latitude of motion admitted, for the operation 
of grinding the food. — Tlie iempotar^ teeth, in 
the human race, are 20 in number, and are 
divided into throe kinds ; the front, incisores, or 
eutling teeth, of Inch there arc 8, tiamcly, 4? in 
each jaw; the canine teeth, dog teeth, orcuspidati, 
which are 4 in number, one on each side of the 
incisores, and arc of a pointed or conical form ; 
and the grinders or inolares, from mola, a mill, 
which amount to 8, being 2 back teeth, above and 
below^, on each side. The^^67m7a?w^ teeth are 32 
in number. There are, as in tlie temporary, 8 
incisores, and 4 cuspidati ; 2 bicuspidafl, or two- 
pointed, next to the cuspidati on each skfc, 
amounting to 8; and 3 inolares on each side, 
above and below, making 12, of which the 4 
hindermost are denominated dentes sapientiae, or 
teeth of wisdom, from theirnot appearing till adult 
age. 

HARRIET. 

But how does it happen that there is occa<*ioi,t 
a 5 
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for two sets of teeth ; and that the number which 
we have in the second set is greater than that of 
the first ? T thought that ^^herc a tooth was shed, 
we merely gained another in its }dace. 

DR« A. 

There is a very great disproportion between the 
magnitude of the jaw in the young and adult: 
and as the teeth, from their nature and mode of 
growth, do not admit of any inciease of size, it 
was necessary, when the jaw became larger, that 
a supply of larger teeth should be given. Hence 
a second set was afforded. But still this was not 
sufficient for filling up the lengthened jaw ; and as 
youth advanced, some teeth were therefore pro- 
vided far back, which did not exist in early life ; 
the last supply of which, in the wisdoni teeth, does 
not, as I have already stated to you, take place till 
adult age, some time after all growth in the jaws 
has terminated. 

^ C HAULFS. 

I should be veiy curious to know from you, the 
particular periods at which wc obtain, lose, and 
regain our various teeth; for I presume there is 
an established law of nature witli regard to all 
those processes. ^ 

» DR* A. 

When about seven months old, a child gets the 
two first lower front or incisor teeth ; and in a few 
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weeks subsequently, the two corresponding upper 
ones. After a lapse of a few weeks more, the 
lateral incisors appear, sometimes the lower first, 
and sometimes the upper. Within the first year, 
a child therefore gets eight teeth, four below, and 
four above. At the end of the first year, or be- 
ginning of the second, the first grinder appears 
on each side above and below ; and not till some 
time afterwards do the canine teeth show them- 
selves, though they are next to the incisois, and 
might be expected to follow them. About the 
end of the second year, or beginning of the tliird, 
the second gi'iiider on each side, above and below, 
emerge from the gum, and this completes the 
20 first or deciduous teeth which we possess. 
About the age of six or seven, the two lower 
incisors are shed; and then follow, after some 
time, the two upper, whose places are Supplied l)y 
permanent teeth, which soon appear above tlu- 
gum. The lateral incisors are next displaced, 
which are renewed in a similar way: then the 
temporary piolarcs, and last of all the canine, 
about the age of eight or nine, which are supplied 
at irregular periods afterwards. But in the mean 
time, the first permanent grinder has shown itself 
about the seventh year; and in the renewal of the de- 
ciduous teeth, the permanent follow the shapes and 
designation of those which they succeed, with the 
exception of the two temporary molares, which ha\ e 
& 6 . 
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the tu’o permanent bicuspid or two pointed subbti- 
tilted for them ; the last of which, Tiowcvcr, does not 
appear till the lOth or lUh year. By that time, 
or a little subsequently, therefore, the child has a 
repewal of all the 20 deciduous teeth ; and to these 
have been added, as 1 have already nientioned, 
about the seventh year, the first permanent grindei ► 
The second permanent grinder does not follow till 
about the 12th or Itth year, and the wisdom teeth 
complete the number, about the 20lh or Silstyeai, 
and after the jaw has acquired its full magnitude. It 
must be observed, however, that there are many 
varieties in the paiticular order and period ar 
which teeth either shed themselves originally, oc 
are shed or renewed. 

( U IRLES. 

It appears, therefore, that when that part of the 
jaw which contains the temporary teeth becomes 
too large for them, other teeth arc supplied of a 
larger description, which arc pcriiuinent; that tlu 
back part of the jaw, which originally had no 
teeth in it, becomes lengthened with the increase 
of years; and that in order to supply the vacant 
space which such increase of length w^ould occa- 
sion, new teeth are afforiled in proportion to the 
increased Icn^i which the jaw^ obtains ; and that 
finally the space is filled up by the tooth of wisdom, 
when the full length has been obtained. 
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DR. A. 

This is precisely the case; and we shall find, 
when 1 mention to you the mode in which the 
formation of the teeth takes place, that this plan 
is admirably adapted to the object in view. The 
carnivorous and omnivorous animals have teeth of 
a similar kind ; but it is to be observed, that 
many of the carnivorous animals are beasts of 
prey, and that tlieir teeth are part of their natural 
weapons of attack. The tusks or canine teeth, 
are, in such animals, and indeed in some others, 
as the hog, very Ibrinidable instruments of of- 
fence; and, when conjoined with the sharpness 
and strength of the claws, they render many 
animals of the cat kind, as lions, tigers, leopards, 
&c., \ery terrific foes. 

SOPHIA. 

Tlie graminivorous animals seem to have the 
})eculiarity of teeth which you mention as belong- 
ing to them, in order the better to fit them for 
using that kind of food which is intended for 
them, and which requires a great deal of grinding; 
but their front teeth, I should imagine, like ours, 
are solely intended for cutting, and, therefoFe,^do 
not require any particular extra provision. , 


DE. A. 

The front teeth, or incisors, have not usually 
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occasion for that peculiar structure, in graminivo- 
rous animals ; and nature has only therefore im- 
parted it to the teeth required for grinding. Cattle 
and sheep, whose front teeth are confined to biting 
the grass, have them sharp, and the enamel of 
these teeth covers their outside only, as in man ; but 
neither cattle nor sheep have incisors in the upper 
jaw. In horses, where both the front teeth and the 
molares are employed as grinders, the enamel is 
distributed through the body of the tooth, in botli 
descriptions of teetli, in the way which I have de- 
scribed as belonging to graminivorous animals. 

CHAULKS. 

One observes, in looking into a horse’s mouth, 
that the division into two substances is distinctly 
seen ; and, I suppose, that a horse loses what is 
called the mark of mouth when a certain quantity 
of attrition has rubbed down a part of the mixed 
substance,' so as to take off the appearance of ca- 
vity in the front teeth. 

Dit. A. 

This is the case, f )r the enamel in the iron! 
teeth descends but a short way into the body of 
the and hoi^-dealers sometimes attempt to 

give ^ appearance of such cavity in the head of a 
tootfe by means/ an engraving tool, and the 
cbmp’unicatioii qf a black colour by a hot iron. 
This js[ what is^ called bishoping. 

'W . ’ 
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CHARLES. 

I wish that I knew a little more about the marks 
of mouth in a horse ; and, perhaps, you can give 
me some information on this subject, which I hope 
the girls will excuse. 


DR. A. 

I think I am enough of a jockey to tell you all 
that IS principally worth knowing on the subject. 
It is not alone by the marks on the teeth of horses 
ihat their ages are judged of, but by the number 
and description of the teeth which they possess; 
and which, in cattle aud sheep, likewise afford to 
graziers the means of determining the ages of those 
animals. The horse has forty teeth, viz. J2 front 
teeth, six above, and six below, which are called 
incisors or nippers; twenty form molares or 
grinders, six on each sidc^ above and below: 
to which are to be added, four canine teeth or 
tushes, one above and one below on each side, 
which are generally wanting in the mare. From 

years old to three, a horse sheds the two middle 
teeth of the lower jaw, and the con*esponding 
teeth of the upper. From yeans old to four, 
he sheds the two next in both jaws. .From 4*^ to 
five, he sheds the two outermost front teeth in 
each jaw ; and at the same time the canine teeth, 
or tushes, make their appearance. From five years 
old to seven, the age is judged of by the appear- 
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ance of the cavity in the front teeth, as you have 
already noticed. The two middle lower teeth, 
which arc lost first, and arc, ilierefore, removed 
earliest, have this cavity soonest worn down; and 
at five years old, the black marks in them have 
nearly disappeared. At six the same has happened 
to the two next teeth ; and from seven to eight years 
old, the marks in the two corner teeth are worn 
dow’n, so that all power of discriininaling the age 
<if a horse, as far as the lowvr front teeth are con- 
ceilied, is lost. At the same time the tushes alter 
their shape, and become roniul, or com ex Jiext to 
the tongue, instead of being concave. After the 
age of eight, we look to the u})pcr teeth, and to 
some other circnniNtanecs, for judging of the age of 
horses ; for the upper teeth ai’e not worn down so 
soon as the lower. At eight, the cavities of the 
two middle upper teeth disappear; at 10, those of 
the two next ; and at TJ, those of the corner, or 
outermost. Aged horses lo^e the transverse ridges 
which are so prominent on the roof of the mouth 
of the young, and wlji'ch gradually become flatter 
and more level, us they advance in life. The eyes 
likewise become more sunken, the eyelids lean and 
wrinkled, and ihe ctivitv above the eye more hol- 
low. Grey hairs shoot out upon the forehead, 
and lower part of the mouth ; the lips become lean 
and shriveled: the lower. lip hangs miicli below 
the upper ; and the ears drop laterally. 
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CriARLLS. 

Aie there no means of liiscovering the deception 
vvhicli dealers practise on the teetli of horj>e&, to 
make tliem appear within inaik of mouth ^ 

DR, A. 

A little obscnation will enable a peison to 
detect the liaud; foi m a young horse the front 
teeth meet peipeiidicularly ; while, as he glows 
oldei, the teeth take a moie hon/ontal direction; 
the uppei teeth piojecting over the lowei ones, 
and the upper coiner tooth forming a curve 
over the lower cornei tooth. Furrows likewise 
appear on their fiont suifacc, and their colour 
becomes yellow and opake,— As a horse at fiv’ts 
years old is more saleable than one at; foui, 
attempts are sometimes made to give a horse of 
four, the appearance of being five, dra'tyjing the 
outer front teeth in each jaw^, in order to pi^oUttde 
the new teeth pieniatuiely. It Iiowevei, 

always be known that a hoise has not attained lus 
fifth jeai, if the comer teeth, above and below^ 
are not complete in their size and appearance, and 
the maiks of the middle teeth do not be^n to be 
obliterated. 

CKARLFS* 

1 suppose the diiectiou of in the 

teeth of graminivorous animafe^ or t|i4 numbers oi 
layers, is not material ? 
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DR. A. 

It does not appear to be so ; but yet there is 
a great similarity in the distribution of this sub- 
stance, in the same genera of animals, as indicated 
by a similar waved appearance which it exhibits 
on a horizontal section. — There is a very curious 
difference in the disposition of the enamel in the 
African and Asiatic elephant, which is worth your 
notice and recollection. In the African, it is 
always in the fonn of transverse lozenges, which 
touch each other in the middle of tlie tooth,* 
in the Asiatic, in the form of transverse flattened 
ovals ; and this difference is so constant, that you 
may always know, by a slight inspection, whether 
the tooth has belonged to the one or the other of 
these species. 

SOPHIA. 

But is not’ ivory the product of elephants’ 
teeth ? 'Fhe substance is unifonn, and does not 
present the differences which you mention. 

Dtt. A. 

The ivory is furnished by the tusks, and not the 
teeth ; and these former are planted in the upper 
jaw, and are of the largest size in male elephants. 

■ V ■ ’ CHARLES. 

I recollect once seeug a ball in the tusk of an 
elephant. It obuune'd its positioni I suppose, 
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during the growth of the tusk, and while its ossific 
matter was not sufficiently consolidated. 


DR. A. 

Certainly, for a ball might afterwards break, or 
otherwise injure, but could not enter into a firm 
tusk. 

HARRIET. 

One would suppose, from the appearance of 
teeth, that they were an insensible mass ; and yet 
they must be plentifully supplied with nerves, as 
there is so much suffering in them. 


DR. A. 

They are destined to be terrible plagues to 
mankind ; for they are obtained with suffering in 
infancy, and are frequently productive of great 
distress in after life; and though they exhibit no 
particular sensibility in ordinary circumstances, 
yet, when the substance of the tooth becomes de- 
cayed, and in particular when the nerve becomes 
by this means exposed to the air, intolerable pain 
is produced. 

HARRIET. 

I have often wished that the teeth were totally 
insensible ; and, indeed, I do not exactly see why 
so extreme a sensibility should, be given to parts, 
which are merely intended to aej^ as solid bodies. 
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DR. A. 

You must recollect what I remarked relative 
to the structure and growth of bones, in order to 
be convinced that an organisation of nerve and 
blood-vessel is necessary for their production, as 
well as for preserving them in health. The same 
is the case with the teeth ; but the vitality of the 
latter, if we may so term it, does not seem to be 
so active as that of ordinary bone, which possesses, 
as I have already explained to you, a principle of 
reparation of which tlic teeth are destitute. The' 
formation of the teeth is an example of an inte- 
resting process in the animal economy, very an- 
alogous to the formation of bone. Before the 
jaw is thoroughly ossified, several little bags, or 
membranes, are discoverable in it, which adhere 
firmly to the gum, and arc supplied liberally 
with blood-vessels. Into these little bags, the 
blood-vessels throw a portion of pulp, or jelly, 
which is intended to form the future tooth. At 
^ first there' are no sockets, but the edge of the jaw 
' shbots ^ut bony fibres, which form them. Bony 
matlc^ iii time^ is ihrmvn out on different parts of 
tlntf generally answering to the number of 
proniminc^^i^antr forming either one, or several 
small elg^tic shells, \vhich gradually unite, so as to 
■ produce one sdlid mass. , An elongation of pulp 
forms the matenal\for the formation of the roots ; 
and ill proportion as this deposition, and its ossifi- 
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i ation lakes place, the body of the tooth rises iu the 
socket, till, by pressure on the gum, it \^astes it, 
and the tooth begins to appear in the mouth. 

SOPHIA. 

So that, in fact, it is by the growtli of the part 
beneath that the tooth is forced up ; but does the 
membrane rise up with it, for I never heard of a 
tooth being covered with a membrane ? 

DU. A. 

As soon as the body of the tootli is termed, 
there is no further occasion for a secretion of bony 
matter from the upper part of the membrane; for 
you will observe, that in the lower part, or the 
loots of the tooth, the nienibraiie is carrying on its 
secreting operation, long after it has ceased to do 
so abo\c. As soon, therefore, as the ossiiic process 
IS completed in the body of the tooth, the mem- 
brane changes the nature of its secretion, and 
covers all that portion which is intended to be 
exposed, with a soft and moist deposit, which 
gradually hardens, and forms the firm and inde- 
structable substance called the enamel. The invest- 
ing membrane having thus completed its function, 
is wasted, and separates : but it remains perma- 
nently attached to the roots of the tooth, and when 
inflamed, gives the sensation of tho tooth being 
elongated. 
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HARRIET. 

Our first teeth last us only a certain time ; they 
seem to decay away at their roots; and nature 
appears to have anticipated this, by forming a 
second set for tlie purpose of supplying them. 

DR. A. 

You will find that this decay is only a disap- 
pearance ; and that the two processes of forming 
the new tooth, and removing the old one, go on at 
the same time. 


SOPHIA. 

1 cannot understand how this can be the case; 


DR.*A. 

When the rudiments of the temporary teeth are 
pretty far advanced, the upper part of the original 
membrane sends off a new sac, or bag, to the 
place of deposit for the pulp of the new tooth. As 
the temporary teeth rise, the membrane which 
joins the two sets is elongated, and in time the 
new one gets a socket of its own. The process of 
deposition of pulp ; its ossification in various parts, 
answering to the future prominences ; and the 
secretion of enamel, go on, in succession, in order 
to prepare the second set for taking a permanent 
place as succeifsora to the first. The continual 
acc^sion made to the roots forces up the body of 
the tooth, which, pressing against the socket, and 
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then against the roots of the first set, produces an 
absorption or disappearance of them ; till, in time, 
the old tooth, being held only by the gum, drops 
out with a very little force. In the sketch which 
I now show you, A represents the sac containing 
the milk, or temporary tooth ; b the sac of the 
permanent tooth attached io the sac of the milk 
tooth; c an incisor tooth above the gum, with 
its root iinabsorbcd, and a vacant space at its side, 
from which another incisor has fiillen ; d a perma- 
nent tooth, rising up to supply the place of the 
temporary one which has been lost ; E tlie spongy 
part of the jaw. 



SOPHIA. '% 

But in what way can mete pressure produce the 
disappearance or absorption iof th6;.^ots of the 
teeth ? 
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OU. 4. 

This is a very usual efl! of pressure, and In 
no means a solitary example ui lli(‘ animal eco- 
nomy, as I mentioned when we were on the subject 
of the bones. ''I'umours, lor instance, wliieli grow 
slowly, and paiticulaih that specit s whith is ealleil 
aiieiirisin, will, bj continued and in< itasing pies- 
suie, often piodiict a giadual disappeaiaiice oi 
contiguous boiiev; such, lor e\ imple. as the brea'-t 
bone, when the anouri-ni ]iM])pens to he in the 
chest, ami imm ilMteU iruki it, 

IJ VRIUI 1. 

But we sonji'tiuus obser\c tJial people h.i\t 
^erv Intgiila* .celli. and that the now (»ncs ha\( 
not grown ix.ictly below the others: would this 
process of absorption be inteinipted in such a 
case, and should wc hiul the old om s with roots, 
instead of being h df eat^n . way, as ih' \ appeal 'o 
t'e when they quit the 

DIt. A. 

Under fcucli circuinstauce«> it is often prudent ti* 
extract the old tooth, in older to male n om foi 
the new one; and then the root is friqueiiiK 
found either whole, or partially only absorbed; 
because the necessaiy pressure against it had 
either been wholly, or in part wanting. 
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SOPHIA. 

This is really a very beautiful provision of na* 
Uire; but it is a iiieal pity that there is not a 
<(reat<T provision of those useful little bags of pulp, 
by moans of winch the teeth iinglit be restored 
alhn- they are lost. 

DH. V- 

Perha})s yon might likewise wish, that nature 
t’jd (lis])cnstd to mankind a longer protracUuii of 
i visteiice, and thus altoied her oiiginal designs. 
It does happen, howt\er, th it in some very rare 
Instances, old pto}}h' have mu \p»‘cudly got new 
teeth in advanced life, winch must have arisen 
from an additional sac having oiiginally existed, 
c»r been formed nndti jietuliai cirrnmstances. 

In another ^ketell, you see the appearance 
of one side of the h»wor jjv, when all the five 
temporary teeth have ari-.en above the gum; and 
{x'low these teeth you may observe the permanent 
oiU", which are prejianng to sup)>ly their places. 
A permanent inolaris is fiir advanced, and is ready 
to take its position among the other teeth; and 
tlie other molares, as 1 have already $tated, appear 
m succession, up to the wisdom-tooth, in pro- 
portion as the jaw becomes sufficiently elongated 
to receive tliem. 


VOL. Jl. 
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HARRIET. 

You mentioned the shedding of teeth in horses, 
cattle, and sheep ; and I suppose the same circum* 
stance takes place in other animals. 

DR. A. 

In most animals a part of the teeth is shed, 
and ibr the same reason as in man ; namely^ that 
the original ones, which are adapted to a small 
jaw, will not do for a large one ; and as the teeth 
cannot grow, aTter they are fully formed, a new set 
became necessary fo^ the enlarged space which 
they were to fill. 

'CHARLES. 

T 1i‘ 

Th6 wcui;i$;(ances \i^bich you describe, as at- 
tacblug to tb^ibrndnUoQ of tbe teeth in man, apply 
of pOonse to^otbef* animals,' but I am curious to 
bowihe en^ei is duroogh tfaebodr 

tooth Jin g^mituydronamiimaU. 
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DR. A. 

Animals of this kind have, like the carnivorous 
and omnivorous, a membrane, or sac, in which the 
pulpy matter is lodged ; but this membrane, in- 
stead of merely surrounding the pulp, doubles 
down into it, in several places, and thus divides 
it into several portions, or compartments. When 
ossification is completed in each of those por- 
tions, the membrane assumes its new ofBce of 
secreting enamel, which it deposits against the 
pek7)endicu]ar masses of bone. A very little con- 
sideration will show you, that when oDce the 
upper surface is worn off, an appearance of alter- 
nate layers of bone and enamel will be produced. 
But, in this case, it will be seen, that a small 
vacuity is apt to be left between each pillar of 
ossified substance* When this occurs, it is either 
filled up with portions of iboc|^ as is frequently 
the case in the ox or sheep, or with sand or clay; 
or the membrane itself, or an external layer of it, 
secretes a sort of substance, intermediate between 
bone and enamel, which supplies the whole of die 
interstice. This has been called the petrous cfusty 
and occurs in almost all the graminivorous cla$s 
of quadrupeds. It does nqt exist jin the incisors of 
the horse, and henee the appearance of thotavity^ 
which, till it is worn away> the^means df 

determining bis age^ 

» SI 
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SOPHIA. 

Then, in fact, we may conceive the enamel to 
dip down and return hi a loo^^h, very much like 
the finger of a glove over the fingeis 


DR. A. 

Very much -^o ; and if two or three fingers of a 
hand, with a glove on, are placed together, they 
may repie^ent the grinding teeth, before they are 
worn by mastication. If you cut off the ends of the 
glove, and leave the fingers exposed, the fingers 
may then, in a rough way, designate the bony 
part of the tooth, and the glove between them, the 
enamel descending into its substance. The enamel 
belw^ech the different processes of the tooth will be 
double, just as the glove is, betw^een two particular 
fingers; and between the doublings, either the 
petrous Crust, which I have meutioued, or portions 
of extraneous miuter, may obviously be admitted. 
—There is a very curious circumstance which I 
must notice to jou relative to the teeth of the ele- 
phant In this animbl, the enamel, as I have 
already observed to you, descends into the body of 
tlie tooth; but the grinders are so soon destroyed 
by attrition, to require a means of renewal 
whiclyltoes not attodi to the other descriptions of 
gramgitvorou^ te6£h« The jaws of the elephant 
"amished^with one large mass of tooth, hard 
irofit and e:s;posed part» and soft and pnlpy 
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behind. As soon as mastication has rubbed away the 
front portion, the hinder is pushed forward by the 
formation of pulp, and conversion of it into ossific 
matter, at the same time that the fangs of the part 
whose body is rubbed away are absorbed, in order 
to make way for the protrusion of tlie part behind. 
The elephant’s teeth arc, therefore, in a continual 
slate of destruction and renewal. 

ClIARtES. 

How very admirable are the resources of nature 
ibr the protection and comfort of animal life. I 
could not have imagined, till you favoured us with 
these details, that teeth could afford so much op- 
portunity for the exhibition of beautiful design and 
admirable adaptation ; but is such a process of re^ 
newal frequent among animals ? 

' ' DR. A. , 

Ngt very frequent. A similar sfructure> however, 
has been discovered in the Etliiopian hog; but 
in the shark, whose teeth are spear-shaped and 
very sharp, notched at the edges, and covered with 
enamel, several ranges of them are termed, and 
continually forming in the jaw, to supply such as 
are braken or tom away. ITie same is the^ case 
in a species of skate, which has teetl} of a similar 
kind, and is apt to have them injured^ by breaking 
the shells of lobsters, crabs, Sccr which form its 
chief food. 


H 3 
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There is also a singular power of renewal in 
the teeth of venomous serpents. These animals are 
distinguished by having a shaip, hollow tooth, or 
fang, in the upper jaw, on each side, the base of 
whi6h communicates with a poison-gland situated 
below the eye. This tooth, in ordinary circum- 
stances, lies flat ; but it is capable of being erected ; 
and then, either on biting, or, as has been lately 
supposed, by the action of the same muscles which 
erect it, the poison-gland is pressed upon, and a * 
minute portion of the poison forced through the 
hole of the tooth into the wound. The poison- 
fang is very apt to get entangled and broken; but 
there is a provision for its supply in the germs of 
future faUgs, which exist as pulp in little bags in 
the jaws; the new fang becoming ossified, and 
advancing forward to take the place, and assume 
the of the old one. 

^ CHARI £S. 

But there are some animals, if I mistake not, 
which make a great use of their front teeth in 
gnawing, as rats and mice. 1 should imagine, 
that such animals would require some provision 
for a supply pf catting surface. Is such the case i 

DR. A* 

RataAd mice^ 'with beavers, squirrels, rabbits, 
haresj^M^ a few other animals, are termed rongeurs, 
OT^g^tentia, feom die feont teeth beiog employed 
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in gnawing; and you arejight in supposinfg, that 
there is .a particular provision, by which the sur-/ 
fece, neci^saril^ worn away in the operation, is 
supplied. In this tribe of animals, the incisor 
teeth have their fronts only covered with enanieb ^ 
by /which means they are sharp, and are adapted \ 
for cutting through solid wood ; for the other part * 
of the tooth, consisting of the common softer matC'^ 
rial, is worn away by attrition, and thus leaves the 
enamel of the front projecting and sharp, ,but ne» 
cessarily in a continual state of destruction, by the- 
usefb which it is constantly appropriated. Theinodel 
which nature adoptsfbr the purpose of supplying this> 
daily was^ resembles, in some degree, that which 
is employed in th^ grinders of, the elephant ; for - 
the iucisprsy instead of being' sh4d||^ aa in other. 
mals, have the origin of their at a odh^emble 

distance in the jaw ; and these siipplmd 

by the constant augmentotibh anl^^ohsolidatibn of 


pulp, the body of the tooth is 
according as the friction had worri t- ii^ dpfe You 
will be able to forni an .idea of this curious struc- 
ture^ from the little sketch whic^vi^ 
of the lincisar in the j/ ih which, €L a re- 

presents /'the -hohy 
very fiir back to die rdpf ;,pf the 


>nd coyieired with enameljat 
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CHARLES, 

Is any thing known concerning the chemical 
nature of the hard enamel which performs so im- 
portant a part in the animal economy? 


OH. A, 

The solid part of bones, teeth, and enamel, 
consists principally of phosphate of lime, or bone- 
earth, united with a small portion of carbonate of 
litne, or chalk. This solid matter is, as 1 observed 
when we were on the subject of the bones*, capable 
^ of being removedlLiy the action of acids; and then, 
the case of bone^and teeth, it leaves a consider- 
able portion of animal matter, in which the bony 
substana^fras included, untouched. By die same 
process, nowever, the whole, or very nearly the 
whole of the substance^ of die enamel is entirely 
dissolved. It is, therrfore, to die almost entire 
absence of animal matter, that the enamel owes its 
peculiar and it ^eems to be thrown out 

on the snl;»5tatio# of 0otb, in a stat^ nearly fit ; 
for assuming ^thb^cf^ittpUised form in which it ap^ 

^ Voi.I« p.ua. 
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pears, instead of being the last of a su^dession ol 
secretions, as is the case with bone. This, I stated 
to you*, was preceded by jelly and^cartilage; but 
though these substances are absorbed, in succes- 
sion, in the formation of bone, to make way for 
the hard material which is to give the bone or 
tooth solidity, yet this is not wholly the case ; for 
you may recollect that boiling, as I mentioned 
to you, will dislodge a considerable portion of 
animal matter, in the form of jelly, and leave the 
solid, or earthy part, unaflected. This solid mate- 
rial is, to all appearance, destitute of further animal 
matter ; but by long continued boiling under high 
temperature, as by the use of Papinas digester, 
(which is a vessel so contiTved, as to admit the 
temperature to be raised much above the boiling 
point,) still more is to be obtained, which is fpiind 
to be of a cartilaginous nature, and is what remain*^ 
of the second constituent of bones, to with 
the cellular membrane, a frame-work, per- 
manent component part of their substances, which 
is <50 firmly adherent, as to liave sometimes re- 
mained unaltered for centuries. 

CHAELES. 

Then, in fact, as bones are irt a continual state 
of change, by absorption of old parts, and depo- 
sition of new ones, there must be a continual se- 

♦ Vol.1. p.U6. 
ft 5 
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cpeljon of both jelly» cartilage, and bone, in order 
to keep np the relative proportions of each. 

JDR« A* 

This must, of course, be the case, and therefore 
Harriet’s idea, of the probable intermixture of 
those three substances iu the composition of bone, 
was to a certain degree well founded. 

HABKlEr. 

But as the teeth of man, and most other ani- 
mals, when once formed, are destitute of the power 
of reparation, is theie any reason for supposing, 
that the same process of renewal is going on in 
them, as in bone ? 

DR. A. 

There has been a good deal of difference of 
opinion among writers of the best authority on 
the subject of the teeth, as to their precise nature ; 
some regarding them merely as Inorganic bodies, 
owing ^eir sensibility only to the remains of 
nerves^ the cavity designated in the section of 
the tooth which I showed you ; others as possess- 
ing circulating vessels, and the ordinary accom- 
panintonts of eommtm bone. The evidence in 
favour of dieb vitality is, however, very strong. 
They adbere.firmly to neighbouring parts ; and 
will take root again, if put in their places, or into 
tine jaws of other people, as soon as extracted. 
They can likewise fix themselves, when recent, 
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in any whimsical place to which they may be 
attached, as the comb of a cock, if its sutiace be 
abraded. Putting aside their sensibility, which, as 
1 have just mentioned, has been referred to the 
nerves existing in the cavity of the tooth, the 
fangs of the first set, though completely solidified, 
are capable of being absoibed by the pressure of 
those of the second, just after the analogy of ab- 
sorption in other parts of the body. The circum- 
stance, howe\er, on which most stress has been 
laid, in order to show that some such process of 
absorption and renewal as that concerning which 
you inquire, goes on in the teeth, though with less 
force than in bone, and with much modification 
from the decay to vvhich they are subject, is, that 
the teeth, as well as the bones of atiimals, are 
capable of being tinged by madder given to thera^ 
for some time with their food; and that this colour^ 
disappears in a short period after the madder has 
been discontinued. — I mentioned to you {hat boil- 
ing will withdraw the animal from the t)ony part of 
bones; and acids, the bony from the animal* A 
consideration of the lost circumstance, has given rise 
to the employment of dilute muriatic acid to tempye 
the bony part of bones, and tihiia^io leave 
Target portion of the animal uWleriaJ 
than can be obtained by ^any process of 

boiling. It has hence been suggested, * 

that if such cities as might at any fime be in 
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danger of a blockade^ were to have depositories 
of the bones of animals used as food established 
in theiD) there might thus be an almost inex- 
haustil^ store of nu^iment provided for an 
exigency. A machine for bruising the bones, and 
a sufficient quantity of acid to separate the earthy 
part of them, are all that would be necessary for 
carrying on this pr6cess; while careful washing 
would readily separate the acid and saline par- 
ticles, so as to prepare the animal matter for 
nourishment. — Before I take leave ol this subject, 
I may mention, as connected with the incidental 
observations on the nature of bone, which I have 
now made, tliat the shells with which several ma- 
rine and fresh water, as well as land animals are 
covered, consist principally of carbonate of lime, 
united cither by jelly or cartilage ; and that egg- 
shells, and the shells of the crustaceous animals, 
as lobsters, crabs, shrimps^ &c. consist of car- 
bonate of lime, united to a httle phosphate of lime, 
and cemented with animal matter. 
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OF DIi»ESTION. 


DR. A. 

During the action of chewing, the food is 
mixed with the salvia or spiltle^ which^ as I have 
already mentioned is a secretion from three sets 
of glands, the parotid, sabniaxillary, and sublin- 
gual, placed in such a manner, that their ducts 
open into the mouth, and continually pour this 
fluid into it, but more particularly during masti- 
cation. The food is then carried backwards, and 
by the curious action of various muscles is thrown 
into tlie pJiatp7ix, which is a sort of pouch, or ex- 
pansion ill the back part of the mouth, from which 
it immediately descends, partly by its own weight, 
and partly by the action of mu^Ies belonging to 
the pharnyx, into the (rsapbagus or gullet^ at tlie 
extremity of which is the stomachy into which die 
food is deposited. 

* VoLL 
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ClIAKLE**. 

The gullet, then, I bupp^se, lies immediately 
behind the windpipe ; but as \\ e bi^eathe through 
the same opening by which tlie food pa'sses, there 
must be some method adopU d, by which the food 
is prevented from ordinarily getting into the wind- 
pipe, ^\hich it now and then does, and producing 
great inconvenience. 


DR. A. 

The gullet and the windpipe lie parallel to each 
other for bome distance. At the upper part of the 
gullet is the pharynx, which 1 have alieady men- 
tioned ; and at the upi)er part of the wijidpipe is 
the larynx, vUiich is the projet ting hotly that you 
may feel, just below the chin, at the front of the 
heck. It is hollow, and is connected with the 
windpipe, so as to admit air to pass through it, 
into the lungs. During the art of swallowing, the 
tongue is drawn back, and the l.uynx, upwards and 
forwards ; so that the oi eniiig into it, through 
which the air passes is protected by the root of 
the tongue, and closed by u sort of valve or cover, 
called die epii^ioitu^ which 1 shall have occasion to 
notice in speaking of respiration. To these circum- 
stances, however, a ’^ertain action of muscles belong- 
ing to the larynx is added, by which the opening 
into idnlosed | for it has been found that when 
the dnBottis has been removed, or has been lost 
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by disease, there is still a means existing, of closing 
the aperture into the windpipe during swallowing, 
and of therefore preventing the food from passing 
that way. It thus appears, that respiration is for 
an instant interrupted in swallowing, to allow the 
food to pass onward, without injury to the delicate 
and sensible organs concerned in carrying it on* 
But it is to be observed, likewise, that there is an 
opening from the nostrils into the pharynx, through 
which it is equally necessary that the food should 
be prevented passing, as down the windpipe. The 
soft [laiate of the mouth is carried backwards in 
the act of swallowing, and sufficient tension given 
to it by the action of the muscles which it pos- 
sesses, so as to force on the food in its j)roper 
course; while the mussclcs of the larynx itself 
contract on the food admitted into it, and propel it 
onwards to the gullet. 

chaiileS. 

Does the food, then, when it is' received into the 
gullet, pass on to the stomach by its mere weight; 
or has that tube any power in;piass|hg it forward? 

I should think diere must be s&nle muscular struc- 
ture connected with it, for Thaye, seen tumblers^ 
drink when they ^ere standing on their heads ; 
and we know that various animals feed and swal- 
low,^ when their heads are close toHhe ground, 
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J)!R« A* 

You are quite right. The tube is lined with a 
white smooth membrane, which is covered with a 
secretion of mucus, produced from some small 
glands below it, to keep it moist; but it consists 
chiefly of fleshy or muscular fibres, some of which 
are longitudinal, and some transverse, by means of 
vrhich the gullet contracts upon any substance 
admitted into it, and drops it into the stomach. 
There is likewise, at the root of the tongue, a bone, 
of the figure of the letter u, and hence called the 
hyoid, which serves to keep the tongue and palate 
expanded, and always ready, therefore, for the re- 
ception of food. 

HARRIET. 

You mention that tlie secretion of saliva is con- 
siderably increased during the act of chewing; 
but it seems also to^ be augmented by the mere 
appearance, or even thoughts of food, w^hen a ■ 
person is hungry. 


DR. A. 

There is certaiiily such a sympathy as that 
which you mention ; and it appears, from a curious 
example which occurred some years since in Edin- 
burgh, of a person who attempted self-destruction, 
by cutting across both the larynx and gullet, that 
during the cure, (for the person recovered after so 
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grievous an injury,) when nourishment was thrown 
into the stomach through the wound, there was 
always, by a bort of sympathy with the stomach, 
a considerable secietion of saliva fiom the mouth, 
to the extent of e\eu fiom five or six, to eight 
ounces or more each meal. 

HAKRILT. 

Then the quantity secreted in ordinary circum- 
stances,^ is fai moie than one can have aify idea 
of from one’s own personal observation on the 
subject. 

JDR. A. 

It has been supposed, that not less then a 
pound of saliva is ordinarily secreted during the 
2t hours; and you may readily imagine this 
when you consider the constant necessity which 
there is, to swallow the saliva which the salivary 
glands are continually pouiing out. Any irritating 
substance, as tobacco, will increase the quantity 
exceedingly; and it is likewise capable of great 
augmentation, not only by medicine, but in various 
states of disease. 


CHARLFS. 

I suppose the tartar which forms lipon the'teetb, 
when they are neglected, is to be attributed to the 
saliva in some way or other. 
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DR. A. 

Saliva consists of more than 92 parts in the 100 
of water ; and as the remaiiunj* ‘ngredients possess 
mucus/* and some peculiar animal, with a small 
portion of saline matter, the mucus hardens when 
it is suffered to remain on the teeth, and in time 
forms what is called tartar^ which is principally 
constituted of phosphate of lime, the production 
of wh^ch substance from mucus is rather obscure. 
A late exatniiialion of the while coating which 
often forms on the tongue, particularly of persons 
who are subject to indigestion, has however dis- 
covered, that it contaitis a considerable proportion 
of pho<*phatc of lime; and is hence a probable 
source of the tartar of tlie teeth. — The saliva 
mixes difficultly with water, and, tliercfore, cannot 
be effect ually removed from the teetli, but by 
brushing. 

CHARLLS. 

The principal use of the saliva is, therefore, 
that of affording moisture sufficient to enable mas- 
tication to be performed adequately ? 

DR. A. 

Certainly; and in this way it assists in the pre- 
paration of the food for the action of the stomach, 
* which is the organ that 1 must now mention to 
you. 
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The STOMACH in man is a* membranous bag, not 
very unlike the shape of the bag-pipe, lying across 
the body, and having two openings; the upper, 
towards the left side, by which it receives food from 
the gullet, called, the cardia, from its supposed 
sympathy with the lieart ; and the lower, on the 
right side, called the pylorfis, janitor, or porter, by 
which the food passes on to the intestines. Its 
inner surface consists of a soft, and rather pulpy 
membrane, called the mucous, or villous coat, which 
is carried through the whole alimentary canal ; its 
middle, or body, consists of a muscular expansion, 
by which this organ Is capable of emptying its con^ 
tents; and its outer is a membranous coteing, 
common to the stomach, intestines, and all the 
other organs contained in the cavity of the abdo* 
men, and to which I shall afterwards have occa- 
sion to advert. The inner coat is^ united by 
cellular ^*membrane to the muscular; but it does ' 
not contract with the contractions ^ot the latter, 
and therefore frequently exhibits the appearance 
of folds. At the pylorus is a contraction which 
prevents the too ready passage of the food down- 
wards, You will be able to form a correct idea of 
the shape of the stomach froni thb sketch which I 
now show you, iri \»^hich the upper, or cardiac 
orifice, into which the oesophagus is inserted, is 
towards the .right, while the pyloric - is: on the left 
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SOPHIA. 

But I thought the stomach had been a very 
strong organ, capable of bruising and squeezing 
out the nourishment from the food which it receives 
into it. In what way, then, does it act in digesting 
our food ? 

DR, A. 

Between its cor^s are various small glands, 
which are plentifully supplied with blood-vessels 
and liervei^ and which secrete, and pour into the 
stomach, a fluid called gditric juice^ which dissolves 
the substances' taken into the stomach, converts 
them into an uniform, greyish, pulpy mass, called 
chpm^ and thus fits them for becoming nourish- 
ment. 
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SOPHIA, 

Is this, then, totally independent of any pressure 
which is exercised by its coats ? 

DR. A. * 

Entirely so; for it has been found that if por- 
tions of food were placed in silver balls, and these 
swallowed, such portions would be dissolved, not- 
withstanding they w'ere placed out of the reach of 
pressuie. Various interesting experiments were 
made, many years ago, on a German, who was in 
the habit of s\^llowing stones to gratify curiosity, 
l>y which this fact was satisfactorily made out. — 
When tlie food has undergone, to a sufficient ex- 
tent, the change which it is meant to sufier in the 
stomacfi, it passes through the pylorus, or lower 
orifice, into the intestines. But care is taken that 
it does not quit the stomach too rapidly for the 
necessary changes to be effected in it. This is 
provided for by a sort of contraction at the pylorus, 
and by the food lying below it, so as to require a 
considerable exertion of muscular power to carry 
it up to, and then through this opening, Whei> 
the food has passed into the intestine, it receives 
the bile^ which is tfee bitter yellow secretion; from 
the liver ; and the pancreatic ,juice, which is tte 
secretion of the pancreas, or sweet-bread. , 3y.the 
mixture of those substances, and pf/ other secre- 
tions from the sides. of the intestine themselves; 
and by the changes which are eff^jted spbntane- 
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ously, the food is so far altered in its nature as to 
be capable of affording chyle^ which is a fluid, like 
milk, that is taken up by small vessels, called 
lactcals^ froni a large part of the sui face of the in- 
testines. These lacteals, uniting together, convey 
tiieir contents into one of the large blood-vessels 
of the body, and thus supply the means of nourish- 
ment to the system. That part of the food which 
cannot afford further nourishment, is carried off as 
excrementitious matter. 

HARRIET. 

How very simple this view of an important 
process is. But it seems to me very extraordinary, 
that, whatever the description of food may be, 
there should always be chyle formed from it. Is 
chyle always of the same nature ? , 

DR. A. 

It is quite the same in all its more important 
properties, though there are some slight clicmical 
differences; but the peculiar changes which are 
necessary for its production are very little known* 
Nature, however, lias imparted to all animals cer- 
tain powers of assimilation, by means of -which, 
and the various decompositions and new com- 
binations to wliich the food is subject, first, chyme, 
then chyle, and finally blood, are formed, of what- 
ever aliment the animal uiay have been nourished. 

sopiaiA. > 

absorption of the chy}e been seen in 
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animals which may have died during the process 
of digestion ? 

nn. A. 

It is easily discoverable in any animal within 
five or six hours after eating ; and I have seen it 
myself, very distinctly, in the body of a malefactor, 
which was given up by the law to surgeons for 
dissection. Through the whole course of the in- 
testines there were small white lines perceptible, 
which Avere found to be the lacteals ; and on open- 
ing any of them, a portion of milky fluid was 
capable of being collected. 

CHARLES. 

I have heard of fermentation going on in the 
stomach, and perhaps this may be evinced by the 
sense of distention which is sometimes ielt, and 
hy die occasional disposition to efuctate. 

DR. A. 

These are both diseased feelings, for a perfectly , 
liealthy stomach has none of them. The disco- 
very of the solvent powers which the gastric juice 
possesses, evinces that the process of ferment- 
ation is quite unnecessary for the conversion' of 
the food into chyme, and afterwards into chyle. 
Tlie frequent derangements of the\stoina'ch and 
slimentary canal, the overloading of the stomach, 
or the employment of food difficulj; of digestion^ 
often prevent the agengr 
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taking effect at the proper period. Detention of 
;food in the. stomach allows, in such cases, of the 
occurrence of fermentation, ^\ hich some are dis- 
posed to consider as in the regular course of things. 

CHARLES. 

It is said that some animals, as birds, take in 
portions of gravel and stone, as if the digestion 
of the food were assisted by some sort of friction ; 
and yet you say that digestion goes on independ- 
ently of the pressure exercised on the food. 

bn. A. 

I have hitherto spoken only of the human 
stomach, which is of a membranous nature, and 
. thci'cfore totally unfit to prcs.s on tlic food which 
it may contain. All carnivorous animals have 
stomachs of the same kind ; and I may remark of 
them, that animal, or mixed food, is more readily 
assimilated, that is, more readily converted 
into chyle, than any other descrijition ; and the 
digestive organs in such animals are of the 
more simple kind Hany birds not only take in 
'portions of gravel to assist their digestion, but as 
they fi^Ve not teeth, and can divide their food in 
but a v^y iinperfect manner with their bills or 
beaks, if is nfec**ssrfry that a more minute division 
should tajee place, in order to prepare it for the 
proce^^^f digestion. gizzard of birds is 

giv^n them for the jpurpose; and it is 
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formed of two very thick and strong muscles^ or . 
rather one muscle with two bodies, and called, 
therefore, digastric, calculated to press any sub- 
stance very strongly between the two parts of which 
it consists. But as the gizzard could not perform 
the whole of the duty at once, there is a bag, or 
enlargement of the gullet given to many birds, 
called the crop, which is situated in the front of 
the chest, at some distance from the gizzard. In 
this, the hard and dry food is macerated ; it is then 
let into the gizzard, where it is bruised and di- 
vided ; is mixed with the gastric juice, which is 
secreted by glands near the entrance of the giz- 
zaret; and thus the changes are produced which fit 
it for nourishment. 

CHARLES. 

It therefore appears that the stomach of such 
birds consists of two essential parts; the one, which 
triturates and divides, acting the part of teeth ; the 
other, which secretes the fluid necessary, for the 
solution and preparation of the food for nourish* 
ment. 

PR. A. ' , 

Certainly; and you will understand this. the 
better, from a sketch which I shall show you, of 
the exterior and interior of the stomach, or ^zzard, 
of a wild swan. In the view of the exterior, a 
represents a number of the glfiiids which secrete 
the gastric juice,^ with their extefpal extremities^ 

VOL. n. ' ^ 
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exposed by a portion of the muscular coat being 
removed ; b b are the fleshy fibres of the digastric 
muscle, which forms the gi’eat masj of the gizzard ; 
c is the tendon which connect's them whh each 
other ; and d is the commencement of the intes- 
tine, which carries the food downwards. 



the. gizzard of 
am to snpposo it opened 

fri^ in the direction of the line 
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on the right, to the lower corner on the left, and 
the parts thrown back. Here a represents the 
orifice of the gastric glands iri the interior of the 
stomach, answering to the glands a seen from 
without in the former sketch ; 6 ft, as in the former 
sketch, are the fleshy fibres of tlie digastric muscle 
divided ; c is the tendon divided ; d is the opening 
into the intestine ; e designates the mucous glands 
around the termination of the gullet; and the 
cuticulai*, or horny covering of the gizzard, which 
is the part that triturates the food. 
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CHARLES. 

At the time of trituration, the gastric juice is of 
course dropped on the food from tiie glands placed 
above. 

DR. A. 

This is the case, though the gastric glands vary 
in their position, being in some birds much lower 
down than in others ; but there is a provision for 
the food not being too speedily carried onwards, 
by the intestine being joined to the gizzard very 
high up, so as by this means to allow sufficient 
time for completing the. digestive process. The 
crop, in such birds as have one, is principally |o 
be viewed as a repository from which the food is 
first Softened,* and then transmitted to the gizzard. 
But in all birds of the dove kind, and there is 
some reason to suppose this to b6 the case in 
parrots, mackaws, and cockatoos, the crop, both 
in the male and female, is endowed with a power of 
secreting a fluid, which coagulates into a whitish 
curd, and is employed to feed the young for two 
or Uiree days after hatching. It is then found to 
.be mixed with some of the common food; and as 
the pigeon grows older, the proportion of common 
food is increased; so that by the time it is eight or 
, itidi^ days old,- when it is able to digest the cbmmon 
fpddi Jthe secretion ipf the curd in the old bird 
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SOPHIA. 

This a very curious provision ; and I sup- 
pose the kind parents have the power of sending 
up the curd without the mixture of common food, 
and of apportioning the respective quantities ac- 
cording to the age of the young, 

DR. A. . 

This must either be the case, or they must ac- 
commodate their periods of taking food to the 
mixture which is required of it with the curd. 
But in either case, there is a wonderfol display of 
instinctive knowledge. 

CHARLES. 

I have heard of the stomachs of ostriches being 
able to digest ^ron, and other hard substances : is 
there any truth in such stories ? 

^ DR. A. 

The powerful gizzards of ostriches soon alter 
the shape of a strong metallic body, but can do no 
more. Balls of glass are, however, readily broken 
and powdered, by the action of the gi^ard even . 
of the common barn-door fowl. 

SOPHIA. 

1 should have thought that the introduction of • 
such substances risked a material injury to the 
auimal. 

I 3 
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DRa \m 

So far from it, that needlps, and even lancets^, 
have been broken to pieces by th« action of tlie 
gizzard, and no disadvantage sustained; for the 
hard tendon with which it is covered resists the 
strongest impressions. 

SOPHIA. 

The gizzards of fowls which one sees at table 
are hard and firm ; but I should scarcely have 
thought them equal to a resistance so great as 
what you mention. 

DR. A. 

Because the tendinous part has been removed in 
the trussing, and the fleshy digastric muscle joined 
by the tendon on one side left; tlie other tendon 
' being divided, so as to allow the muscle to be se- 
parated into its two divisions, and thrown back. In 
some of the crustaceous animals, as the lobster and 
crab, the division of the food is accomplished by 
means of teeth placed in the stomach, and covered 
/ with the same hard materials as the external coat. 

; These teeth are . of the molaris or grinding shape, 

^ and areone on each side. Immediately beyond thjem, 
is a single projecting tooth, which answers the. 
/:piurpose of preventing, the food from passing on, 
till fr is sufficieiuly divi^^ The stomach of these 
anim^d$ al$o lined with a bard substance similar 
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to the external coat, bO as that it is never col- 
lapsed ; and it is a curious circunislatice, that thib 
coat, as well as the hard covering of the teeth, are 
parted with when these animals cast their shells. 
The tooth-like processes at the entrance of the 
mouth, which are sometimes represented as the 
teeth, are nothing more than a kind of pincers, to 
grasp the food, and convey it into the mouth. 

HAURIUT. 

How extraordinary it is, that these animals 
should be able to digest their own stomachs and 
teeth. 


DH. A. 

This must be pretty nchrly tlie fact; and 1 
imagine that it is a provision against the injuries 
which these organs must occasionally meet with. 
In some of the worm tribe, teeth are likewise met 
with In the stomach ; and such is also the case with 
various insects, particularly the Cape grasshopper, 
and mole cricket, of which last, there is a very 
accurate description, with plates, published by 
Dr. Kidd of Oxford, in the Philosophical Trans- 
actions for 1824. 


CHARLES. 

What special provisions nature seems to havec. 
taken for the proper division of the food* But is 
the peculiar structure which you mention Jn birds 
l 4 
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coipmon to all of them ? for I should have thought 
such an apparatus unnecessary in those which live 
upon flesh. 

DR. A. 

Birds of prey, such as eagles and hawks, and 
those also which are principally carnivorous, as 
rooks, have stomachs that are nearly membranous. 
So have birds that live upon fish, which occupy a 
very large space, and are swallowed whole. These 
last, and also many of tlie birds of piey, ha\e 
crops, or very wide gullets, which act either as re- 
positories of food, or admit of a part of it being 
lodged in thorn, till the fuither pait, which has 
reached the stomach, is digested; and then the 
remainder is taken in, and subjected to the same 
process. A friend of mine found a large rat in 
the crop of an eagle which was accidentally 
strangled by its chain ; and another, partly in its 
stomach, and half digested, and partly in the gul- 
let, contiguous to the stomach. A groat power of 
distension exists in the serpent tube, which aic 
capable of swallowing large animals, the whole of 
which the stomach cannot receive at once. The 
boa constrictor, before it swallows an animal, pre- 
pares it for being taken down, by compressing it to 
as small a bulk as possible. There is, how^ever, this 
very singular circumstance attendi^ig Uie stomachs 
of birds accustomed to live on animal food, that if, 
from ^ want of it, they are obliged to subsist on 
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grain, the digastric muscle forming the gizzard, 
which is hardly perceptible in tliein, becomes so 
large, that it can scarcely be recognized as belong- 
ing to the stomach of a bird of prey. This is 
strikingly exemplified by a preparation which I 
have seen in the Hunterian Collection, of the 
stomach of a t.ea-gull, which had been kept by Mr. 
Hunter for twelve months on grain, and ac- 
quired a very unnatural accession of strength m 
the gizzard muscles, from this change of food. 

HAURIET. 

Would the strength of the gizzard, do you sup- 
pose, be diminished, as well as increased by a 
change of food ? 

DR. A. 

I have no doubt that this would be the case, if 
the experiment were tried, which I do not know 
that it has ever been ; but it would appear, that 
,all such birds as have naturally efficient gizzards^ 
have jhem of various degrees of strength, accord- 
ing to the peculiar food which they are intended 
to use. Birds which arc carnivorous, have various 
modifications of structure to accommodate the 
organ to the different descriptions of animal food. 
Some which take in grubs, and all sorts of insects, 
with their food, have a cuticular lining in the 
stomach, of various thickne^, as a. defence: 
others, which are in the habit of swallowing 
i 5 
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bones, hair, and feathers, as hawks and other birds 
of prey, always regurgitate them; and so easily 
are their membranous stomachs irritated, that old 
books of hawking recommend, as a receipt for 
making a young hawk ca^t fas this operation is 
called), the gi\ing three oats in a piece of flesh. 
When biids live on shell fhh, and sea insects, 
their gizzauls are stiong, in order to break them, 
and at the same time to resist injury from theii 
introduction. 


ciiAnixs. 

I prcaunie, that as nature has made so great a 
difference between the stomachs of those birds 
which live on animal, and those' which live on 
vegetable food, thete is likcwl'^c a considerable 
difference between the stomachs of the carnivorous 
and graminivorous quadtupeds. 

DR. A. 

You will Vecollcct, that animal food requires 
less assimilation ihnn vegetable: and nature has, 
therefore, adopted various modes for facilitating 
the conversion of the latter into |iroper nourish-^ 
ment : one of the first means is a longer deten* 
tioii in the stomach ; and this is effected, in many 
animals, by making the entrance of the cardia 
and jiylorus near each other,, so as to produce 
some difficulty in the pass^c of the food from the 
% of the stomach, nearly to tlie part from 
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which It was projected into it; thus a longer 
time is allowed for digestion. In the horse and 
ass, the left half of the stomach is of a different 
character from the right. It is lined witlf cuticle 
continued from the oesophagus, and the food is 
tor some time detained in it ; but it is at length gra- 
dually transferred to the right, or the digesting 
r>ide of the stomach, which is covered with a 
villous coat, and is supplied with glands for tlie 
secretion of the gastric juice. The same struc- 
ture, to a certain degree, exists in the hare and 
rabbit ; but there is a very curious peculiarity in 
the horse 5 and that is, that the inside of it»- 
stomach is generally found coveted with a 
large sort of w'orni, which fix themselves firmlj, 
by means of two small hooks to the inner mem- 
brane of the stomach, and seem to be productive 
of but little inconvcnieuce. They aiv discharged 
from the horse, go into the chrysalis state, and 
soon become flies, Tlic eggs are de})ositcd in 
such situations as to admit an entrance into the in- 
terior of the animal. 

The most curious apparatus, however, for assist- 
ing ill the conversion into nourishment of vegetable 
food,'" is that which belongs to the cow, the sheep, 
the deer, camel, and other animals which uiSually 
chew their cud. 

What is meant by chi|iWhlg the end ? One 

I 6 ' 
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often sees this in cows and sheep; but I never 
could exactly understand why they should be so 
slow and leisurely in chewing at. one timC) and so 
rapid at another. 

* '' DU. » 

In chewing the ciid, the food is brought up 
again for the purpose of being subjected to a 
second mastication. 


HARRIET. 

.Do you mean, that, after being actually received 
into the stomach,. it is subsequently disgorged for 
this second chewing ? 

DR. A. 

It had been received into the first, or prepara- 
tory stomach, iAe jpaumh ; for there are four^ 
stomachs which are concerned Mn digestion in 
these animals. The first stomach receives the 
food after a very slight mastication. From thence 
it goes into the second, the honey-comby in small 
portions ; ^hd when it has' been further macerated 
diere, it is carried up into die mouth, by a sort of 
inverted motion of the muscular fibres of the oeso- 
phagus and stomach. It is’ then chewed, and 
passes into the third stomach, or many-yic^ from 
whence it goes into the fourth, or ready the proper 
digesting stomach, where its conversion into chyme 
is completed; 
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HARRIET. 

This is a vejy beautiful provision; but how is 
the food, which, in one case, is received into the 
first stomach, in another received at once into the 
third ? Has the animal any power of allowing it 
to go into the one and not the other, at pleasure ? 

DR. A* 

The two first stomachs, which are connected, as 
I have mentioned, with each other, receive their 
contents from the gullet, by a groove which is a 
continuation of it, having full projecting lips. 
The lower part of this groove leads into the third 
stomach, and this into the fourth. Now it is by 
the opening and shutting of this groove, that the 
operation in (juestiDn is effected. When i^ is 
open, it is clear that whatever comes from above 
will have a lateral egress. Thus the food passes 
into the first stomach, because the groove openj» 
immediately into it. But the groove is endowed 
with a muscular power, by means of which it is 
capable, at the pleasure of the animal, of being shut 
at the side, so as to form a tube continuous with 
the gullet. When this is done, the food swallowed, 
passes the first and second stomach, and gets hh- 
niediately into the third* 

\ , 

SOPHIA. 

How very curious is this structure; and how 
singular it is^ that the animal should itself be able 
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to manage the actions necessary for carrying the 
various stages of digestion into eiTcct. 

mia A* 

Tills is a very admirable instinctive faculty, and 
it is the more wonderful, because under some cir- 
cumstances, where the food is not of a nature to 
require, or to admit of rechewing, it is received at 
once into the third or oven the fourth stomacli. 
For instance, cows in the north of Scotland, anil 
the Hebrides, are occasionally fed on lish, which 
docs not require a second mastication, and is there- 
fore received at once Into the thiid stomach; and 
calves, which are led entirely on milk, receive it 
into the fourth stomacli, without even the in- 
tervention of the tliird, because the third has not 
been expanded by the reception oi lood#into Us 
folds, and therefore allows the milk to pass at 
once into die fourth ; but in both those cases, then 
is a v'oluntary action of the mu'^cles of the groove, 
which conveits it at pleasure into a light tiilx, 
suffering nolliing to escape lateially. 

CHAULl S. 

The process of oi>eniug and shutting the groove 
leading from the gullet, seems to resemble that ol* 
letting com doWn the different chambers of a 
warehouse, through a hollow tube communicating 
fron| die top of the bouse to the bottom. If the 
tube h Opened at any particular apartment, the 
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contents will be deposited there ; bul if it is closed, 
they will be carried to a chamber below. 


DR. A. 

Not a bad simile, and, as iar as I know, an 
original one too. — The structure which I have 
mentioned, applies to most of the ruminant animals; 
but in the camel, there are some modifications, 
depending on the habits of the animal- The food 
is received into the first stomach, from which a 
muscular power raises it into the mouth for re- 
niastication. The second stomach consists of cells, 
and is solely appropriati.d to the reception of 
water, from which it passes into the third and 
fourth, which receive the food after b(ing cliewcd. 
The third is very small, and the fourdi is, as in 
the ordinary ruminants, that which is tlie im- 
mediate organ of digestion. There is a curious 
niusculur structure in the camel, by means of 
which the orifices of the cells ai*c closed, ainl the 
water preserved from being mixed with the Ibod. 
It is this peculiar structure, which, in the camel, 
dromedary, and lama, fit them to live in sandy 
deserts, where the supplies of water are so very 
precarious. « 

CHARLES. 

I have heard of* the water being taken out ot 
the bodies of dead camels in cases of great drought; 
and of these animals being occasionally destroyed, 
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in order to procure the supply of water which is 
found within them. 


DR* A* 

This has occasionally been done, as we are in- 
formed by travellers, in cases of great distress for 
water ; and a miserable requital it is for the ob- 
ligations due to the numerous services of these 
animals. 

SOPHIA. 

But is the quantity thus capable of being con- 
tained very great i 

DU. A. 

The cells in a camel which was dissected in 
London some yeais since, contained about two 
gallons ; but I ha%e no doubt, that they were ca- 
pable of contaimiig much more when in a state of 
distension; and 1 recollect that Bruce mentions, 
that four gallons were taken out of a camel during 
one of his journeys in a desert, wbeie there was 
much distress from the wwit of water. 

The division into a cuticular, and a villous or 
digesting portion, which 1 have mentioned as oc- 
curring in the horse, and some other animals, 
seems to be an intermediate state between the 
stomach of the ruminant^ and non-ruminants; 
and it is found that the kangaroo occasionally 
ruminates when fed upon hard food, and that its 
stomach is in part cuticular, and has a power of 
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contracting in folds,' so as to have its contents 
easily brought up by the muscular action of the 
stomach. It has been supposed that there is an 
approximation to this structure in the human 
stomach, by a sort of contraction occurring between 
the right and left sides ; and this, perhaps, derives 
some support from the occasional occurrence of 
rumination even in man. 

HARRIET. 

What, are there instances in the human I'ace of 
chewing the cud ? 

DR. A. 

A few are mentioned by authors ; but the best- 
authenticated instance is one which came under 
the notice of Sir Everard Home. It was that of 
a young man of 19 years of age, idiotic from biitb, 
and blind. He was very ravenous, and they 
obliged to restrict him in the quantity of his food; 
since, if he eat too much, [t disordered his bowels. 
Fluid food did not remain on his stomach, but 
came up again. He swallowed his dinner, which 
used to consist of a pound and a half of meat and 
vegetables, in two miiiutes; and, ii^ about a quarter ; 
of an hour, began to chew th^cufl^ Sir Everard 
states his having been once presedton this occasion, 
when the morsel was brought up frdmth^' Stomach' 
into the mouth with apparently a; 

He chewed it thr^'pr fpur.^esj lan 
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it; when there was a pause, and other morsels 
were brought up in succession. This process was 
continued for half an’ hour, an«l he appeared to 
be more quiet at that time, than any other. But 
whether the i-egurgitiition of the food was volun* 
tary, or involuntary, could not be ascertained ; iis 
the young man was too deficient in understanding, 
to give any information on the subject. 

CHARLES. 

It appears, then, that the more simple stomachs 
are those which are intended to digest animal 
food, as being the most easily converted into 
nourishment ; and that the more complex, either 
af&rd additional means of pressure or division, or 
require an additional period for the food to be 
acted upon. 

DR. A. 

This is quite the case ; and nature has modified, 
in various ways, the process of digestion, and 
suited the kind of stomach to the description of 
food on which it is u tended to act. But we must 
defer the further prosecution of this subject to 
another opportunity. 
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DIGESTION CONTINUED. 
ABSOllPTION. 


HARRIET. 

1 WAS just going to remark^ at the conclusion of 
our last conversation, that I wondered, considering 
what a powerful substance the gastric juice must 
be, to be able to dissolve the, various matters 
which arc employed as food, how the stomach 
itself is able to resist its induence. 

DB. A. • ; 

Living animal matter*has a power of resistance 
which dead does not possess ; and examples are 
occasionally found, in which the gastric jtiice,- 
after death, both in man and some quadrupeds, 
has corroded holes in the stomach, which was un-^ 
affected by it during life. It is in the same way 
that worms, botts, and such sort of animals are 
unaffected by a residence in the stomach and ali- 
mentary canal, in wfeich they obtain theit nourish- 
ment 5 but if they were to di6, ^ey wouW then be 
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unable to resist the influence of the digestive fluid, 
and would be dissolved, like any other extraneous 
substance. 


CHARLES. 

Has the gastric juice, when examined out of 
the body, any very strong or caustic characters ? 

mu A. 

None by which you can infer any thing like the 
effects which it is capable of producing. It does 
not differ much in appearance from saliva; and 
in sensible qualities it is slightly bitter and saline. 
It possesses, out of the body, in some degree the 
same property of reducing substances to a pulta* 
ceous, chyme4ike mass, wdiich it has in the 
stomach. 


SOPHIA. 

But how is the gastric juice procured for the 
purposes of examination ? 

DR. A. 

Sometimes it has been obtained from the sto- 
machs of animals after death, who had fasted a 
good while previou4y; sometimes by making 
animals swallow portions of sponge, which were 
withdrawn on be’ng filled with the fluid of the 
stomach ; and sometimes by the action of vomiting 
on an empty stomach. Theigastric juice has the 
power of coagulating, which seems to be the first 
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process of digestion in such substances, as milk, 
which admit of coagulation. Hence an infusion of 
the fourth, or digestive stomach of calves, ^is being 
imbued with gastric juice, is usually employed to 
coagulate milk ; and so small a quantity answers the 
purpose, that seven grains, infused in water, were 
found to afford as much fluid as coagulated 100 
gallons of milk ; that is, more than 6857 times the 
weight of the substance employed. 

CHARLES. 

Then it is probably of an acid nature, since 
acids so remarkably possess this property. 


^ DR. A. 

So little h this the case, that it has been found 
that a portion of the stomach of a calf, if even 
kept for some time in an alkali, still retains its 
characteristic property. 

- HARRIET. 

Is this property of coagulating common to all 
stomachs ? 

DR. A. ’ 

Such seems to be the case; for Mr. Hunter found 
it to exist in the stomach of the boar ; in the crop 
aiid gizzard of fowls ; and in the stomachs of sharks, 
salmon, and thornbacks. It appears that it is 
owing, in all animals, tothesecretiOh of the 
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juice, though its mode of producing this effect is 
unknown. The gastric jidre has likewise a re- 
•inarkable power of checking pui refaction in any 
half putrid aliment wbicii may be taken into it : 
and the same power is exercised,on similar sub- 
stances out of the body. 

TIARUIET. 

When animals swallow flesh and bones witli 
undiscriminating voracity, is the gastric juice able 
to dissolve the bones ? ' 


DR. A. 

The stomachs of dogs and hyenas have very* 
remarkably that property ; and the teeth of the lat- 
ter are most formidably adapted to crushing bones, 
and preparing them tor the action o£ the gastric 
juice. Even ivory, tind the enamel of the teeth, 
are dissolved in the stomachs of dogs ; and that of 
a hare has dissolved an onyx, and diminished a 
louis-d'or. But the external husk of vegetables 
very singularly resists the ojieratiou of the gastric 
fluid, as in the case of oats with horses ; or the 
seeds of apples and other fruit with man; but 
when these substances are bruised, or triturated, 
they are then acted upon in the usual way.— The 
endeavours of chemistry to ascertain the nature 
and mode of operation of the gastric juice, have 
hitherto been very unsuccessiid. Its operation 
seen;is to be very much confined to tlie food which 
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IS contact with the surface of the stomach, and it 
is ill greatest force at tlic larger end, which is on 
tile left side of the body, as you may see by the 
sketch. The mass of food is slowly passed on by 
the muscular action of the stomach, to the smaller 
tMid, and from theiir.^ to the pylorus ; and it ap- 
pears that any new food which is added, is kept 
se])aratc fiom the old, being in the centre of the 
latter, and theicfore not subjected to the action of 
the gastric juice, till that tirst received has been 
converted into chyme. I have already mentioned 
to you the division into a right and left portion, 
which some physiologists consider as occurring * 
during digestion. The sketch which I now shew 
will enable you to form an idea of this. 
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CHARLES. 

The power of converting substances of various 
kinds into animal flesh, of the same appearance 
and nature, is a wonderful operation, which seems 
to be intended to make every thing useful ; for if 
animal flesh could only be produced by animal 
flesh, the whole of the vegetable kingdom would, 
as far as nourishment goes, be altogetiier useless. 

OR. A. 

And yet you are not aware still, of the full 
extent of the provision which exists for the sup- 
port of animal life. For instance, there are sub- 
stances wdiich would act as poisons to man, which 
are salubrious, and nutritious to many of the 
brute creation ; and some things which are grate- 
ful and nourishing to one animal, are offensive 
and hurtful to others. The sheep and goat will 
feed upon hemlock, and the pig upon henbane, 
which are poisonous to man ; opium does riot 
aifisct the dog, and yet bitter almonds are poison- 
ous to hlni- There is likewise a wonderful power 
in the stomach of accommodating itself to varieties 
of food i so that the graminivorous can occasion- 
ally be m^e to feed bn animal food, and the car- 
ijivorous bn vegeteble, I have already mentioned 
the change produced on the stomach of a sea-gull 
whi^ ^^as fed on grain ; the stomach acquiring a 
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great increase of muscular power, which the change 
of food rendered necessary. 

But man, of all animals, possesses the greatest 
power of accommodation to the varieties of aliment 
which different climates afford. In the high lati- 
tudes, his food is entirely animal, and often of the 
most forbidding nature, according to our concep- 
tions ; as raw wliale, seal blood, dried herrings 
moistened with whale oil, &c, ; while in tlie torrid 
/one, he is supported principally by fruits and vege- 
tables. Tliough we are the creatures of habit, the 
same individual can likewise bear great varieties 
of sustenance ; and with regard to the particular 
effects of animal or vegetable diet on the physical 
powers of man, we have examples of strength, 
activity, and bravery, in the Greeks and Romans 
of ancient times, and in the Irish and Scotch of 
modern, under the employment priiiciijally of 
vegetable food. 

For the purpose of ensuring the proper support 
and nourishment of the body, nature has wisely 
given the strong impulse of Imnger and thirst, by 
means of , which animals are led, by a law of con- 
tinual operation, to look out and procure for 
themselves, a proper quantity of Ibod. ftiome have 
thought that the immediate causo of hunger was 
mere emptiness, by means of whieh the coats of 
the stomach either spontaneoislyj tuf ^rou^ Ithe 
means of the iplds produced iujfa^VifiotiS^coat, by 

VOL. II. , K , . I . 
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(he contraction of the muscular, rub against each 
other, and produce the peculiar sensation. Others 
are of opinion, that it is attributable to a certain 
degree of irritation produced by the action of the 
gastric juice; and otliers, that it is to be con- 
sidered as a sensation depending on synn>athy 
with the wants of the system at large. None of 
Ihese opinions appear to be sufficiently established ; 
but the immediate cause of tlie sensation is not 
Well understood : that it is howe\er connected, in 
some obscure way, with the nervous system, seems 
to be obvious from the circumstance, that any 
powerful ailections of the mind, particularly grief: 
any interesting and absorbmg employments ; and 
various nai colic substances, as opium, tobacco, 
belle, or ardent spirits, will suspend or diminish 
llie disposition to take fbtHl. The cKislcDce of a 
mechanical agency in producing the sensation of 
hunger, seems to be likewise contradicted by the 
well-known fact, that appetite will often entirely 
disappear, if tlie hour of taking food is passed 
over ; though one has heard that the sw^allowing 
balls of earth, and the application of tight ligatures 
round the body, will, in some cases, deaden tlie 
ibeliiig of hunger. — A good deal of the same dif- 
ficulty attaches likewise, to an endeavour to ac- 
count for the existence of thirst. This sensation 
seems to be much connected with various de- 
rangements of thj system, and it is but seldom 
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dependent on absolute privation of drink, 
hunger is of food. We principally refer it to the 
mouth and fauces ; yet in that extraordinary case 
which I mentioned to you, of a wound in the 
gullet, no quantity of water taken into the mouth, 
and passed out at the wound, could quench thirst; 
but a small quantity of fluid, particularly weak 
spirit and water, injected into the stomach, remark- 
ably abated it. 

When the food has remained as long in the 
stomach as is necessary for its conversion into 
chyme, an action of its muscular coats takes place, 
by means of which it is passed on to the pylorus, 
and through this into the intestines ; and here 1 
Inay observe generally, that in graminivorous 
animals, die canal is longer than in man and car- 
nivorous animals, in ordei\ to afibrd still further 
time for assimilation, and for the nutritive part to 
be taken up. In the lion, the intestinal canal is 
about times the length of the body; in man 
about 5^ times ; but in the horse it is about 1 1 
times, and in the antelope 18 times. 

CHARLES. 

Is there any distinction made between the^ dif- 
ferent parts of the intestines ? 

DR. A. \ 

The intestines are divided into^.the Wall and 
large. The sihall, are those whicb-are immediately 
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continuous with the stomach. They consist of, 1st, 
the duodentiiHy^vAxiQli is 50 called from its being 
about twelve inches long; 2d, the Jejunwn, from 
its being often found empty ; and, Sd, the ileum, 
from Its occupying the iliac region, or that between 
the two hip bones. — The small intestines are 
mostly occupied in perfecting the assimilation of 
the food, and in affording an opportunity for its 
absorption. — The large intestines arc a continu- 
ation of the small, and arc termed, 1st, the ccecimi, 
which is so called from its being, in some degree, 
a cul-de-sac ; 2d, the colon, which nearly encircles 
tlie abdomen, and terminates in, 3d, the rectum : 
and these three last are the receptacles of the food, 
after Iiaving parted with most of its nourishment, 
and become excreraentitious. 

CHARLES. 

Does the structure of the intestines bear any 
analogy to that of the stomach ? 

DR. A. 

vjitris very similar, there being a villous or mu- 
^ ^ eoas lining, followed by layers of longitudinal and 
;.circulac fibregjiand,. then by an external covering, 
which is comj^h ^Jto all the organs contained in 
abdpmcm vBy means of these muscular fibres, 
^3;thjg^food ijsygtiidmiilty carried downwards, by a sort 

whijch is technically 
" of theintestines. Next 



.^Y^dominai, visceua. 197 

I * • 

lo the stomach, the most important change which 
the food undergoes is in the first intestine, the 
duodenum, where the bile and pancreatic juice are 
added to it; but over the whole course of the 
canal, fluids are poured into it from the exhalent 
vessels, for facilitating the conversion of the food 
into nourishment, or for covering and defending 
the inner coat from injuries by the occasional 
passage of any irritating matter. The bile is a 
yellow bitter fluid, secreted from the liver, and 
poured into the duodenum at a short distance from 
the stomach. Tliere is also a little receptacle for 
the bile, which is called the gall-bladder^ and in 
this, gall-stones, when they occur, are formed, 
which often give extreme pain in their passage 
into the intestine* 

SOPHIA. 

It is very usual for persons to be bilious ; and 
I presume this is from some disease in which the 
bile is.,concerned. 


DU. A. 

Bilious, and nervous, are two terms which have 
no well-defined meaning annexed to tliem. Per- 
sons call themselves, and are often termed bilious, 
who are subject to some one or other of the va- 
rious affections in which the stomach or bowels 
are concerned ; but in by far tlie greatev number 
of such complaints, the liver is only concerned as 
kS rv 
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^ part of the organs of di^stion» and in no other, 
or primary way; 

HA«RirT* 

People are ofrcn said to have ofFections of the 
liver : ahcl, indeed, one would imagine, to hear of 
the fi’equent attacks of thi^ oigan, that it is the 
most susceptible one of the body. 

DYi. \ 

It is a veiy jinpoic*mt ^ t t ^lul, warm 
climates, it is paituniaily Jial '-t i<» <Iisc*nso- Il> 
the more icmpoi itt, however, it is much less so; 
and it oilen l]ap[3ens, that diseases arc referred 
^ specially to the liver, wbicit are only nllections of 
the large intestine, tlio t ohm, which is coni’pitiioUS to 
it. The Juncu is a tari^e, linn, and dusky red* 
coloured organ, wJjich U on the right of the 
bod^j lybig direct I V nnilor the libs separated 
firom the chi st by the diapiii'i*!;ia. md not c&futblc 
of being dwcoveied b\ rft^ *«»<]», » I'h it h en* 
larged. It is divided mto i\u piincipai parts or 
Ibbes, and the left one bes over the stomach* It 
is liberally supplied with blood-vessels, anHl fitim 
the esttremities of thesi \c^'.e)s the bile is secreted, 
which fnbi that unite into larger 

ones, and duct, liy w hi ^h bile passes 

either dlBeCtty^|^w|he liv^ into ihc intestine, or 
intd the thence is thrown 

into 0e xa the latter case, 
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‘ it comes from the Ute> directljr, is a curious 

structure cSop^ ^ piev^t $ tube, 

which is deetih^ W* throi^ a ^d^from any 
allowing its jietqrau Tl^lkSs clear, 
wo^ lie liable'to hapj^ei)^ it' it entered^ a right 
eogl<^ or any d^ihg like it;'but^ iostei^l of doing 
so, it pierces the eicternal^Coat then 

passe$ on between the coats, a^ ei||i^the1ntes 
tme in such a way, that me inner coat o 
acts as a valve, and is shut agaktst 
the intestine. A similar str^ctoo is 
ifr'^^yowing die pmu!lre<lMo ^tdea Ihtbl 
tin^ 'Olife i|aid 
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. you 'may judge of their position from another 
sketch, in which a designates the commencement 
of the colon, with the ileum attiiched to it at its 
bottom, ascending past the liver ; and n, the arch 
of the colon, passing under and close to the sto- 
mach : at Cy the colon forms what is called the 
sigJHo/c/ Jlejcurey from a resemblance of its curve 
to the letter sigma, and terminates in d the rectum. 
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Over the whole of the intestinesr^ I- must ob- 
serve, is thrown a thin double membrane, often 
containing much ftit, which is ternf^d the &hienium 
or ccvml ; and the substance by which the various 
intestines, are joined together is called ihe 
smterif. . ^ 

CHARLES. 

There is, I suppose, some mode by which the^ 
liver is supported, for its weight would otherwise 
be likely to carry it downwards ? 

DR. A. 

This is elFected, both in the liver and other 
organs, by what are termed ligaments^ by means 
of which these are tied or united to some fixed 
parts. In the case of the liver, its principal adhe- 
sions are to the diaphragm, which, as I mentioned 
^efore, is the partition between the cavity of tlie 
chest and the abdomen. 

CHARLES. . 

Are these ligaments fixed to any ^particular 
part of the diaj^liragm or liver ? I cai^ i^derstand 
how a ligament is fixed to a solid body, a bone ; 
but it is more difficult to conceive an al^chment 
to a soft part. f 

Dll. A- ^ : 

' This involves a very curious aWd important part 
of abdominal structure, which X must endeavour 
to explain to you. The, whole of the walls of 

K 6 
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the cavity of the abdomen, including the dia- 
phragm, are lined with a thin fine membrane, 
called peritoneum^ This membrane affords an 
external covering to the liver, spleen, stomach, 
and intestines ; and by the doubling over, which 
necessarily occurs at various places, there is a 
binding of the different parts together. Thus at the 
diaphragm, the peritoneum, instead of covering 
the whole of this partition without interruption, is 
reflected over the liver ; and if you can conceive 
the two surfaces brought aiound it so as to unite, 
you would then ha\e a ligament, or bond of union 
formed, and the large heavy body of the liver 
prevented from descending. It is in tliis way that 
various doublings or folds of the peritoneum are 
formed, which are important in the minuter ana* 
tomy of the abdomen. 

CHAm.ES. 

I must own that I cannot quite understand the 
account which you give of the peritoneum; or how 
it can aSbrd a covering to the viscera of die ab* 
domen, without being in separate pieces. 

DR. A. 

r 

If yO|i )»up|>D8e this room to be lined with ebintz, 
oir quy other Ihlt ntaterial, how would you con- 
!'trlve to cover the cabinet, which stands at a little 
dlsi^e from the wall, by, a mere prolongation or 
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CHAR1E8. 

We must bring it round the cabinet iir3t, and 
then moke it firm to the wall. 


A* 

That would merely cover the front and two 
sides of the cabinet^ while the back of it is un* 
<*overed, as well as the wall which answers to the 
back. This does not accord with the description « 
which I give you of the peritoneum, that it covers 
the walls as well as the foniiture of the abdomen. 

CHARLES. 

If we carried the chintz round the cabinet, 
and brought the two ends together behind, we 
should cover the cabinet; and then the two ends, 
by being separated, would cover the wall com- 
pletely behind it. 

DR. A. 

This is the mode in which the peritQtieum 
covers the abdominal viscera and the walls of the 
containing cavity. If you suppose separate pieces 
of furniture, all which require covering by means 
of the chintz, you will see clearly that an uninter- 
rupted prolongation of the same material, may 
give a covering to various separate, and very 
irregjular bodies. 

HARRIET. 

Then these bodies must all be joined together 
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by a double fold of the peritoneum^ just as it 
happens that there is a double fold of chinU at 
the back of the cabinet joining it to ihe wall. 


DR. A. 

This is exactly the case; and you see that there 
is, by this means, an attachment of the cabinet to 
the ^all, just as happens in the abdomen, where 
there is an attachment of the liver, and tli*e other 
viscera, to neighbouring parts, by the doublings ol 
the membrane, which affords them all a covering. 
If you were to suppose all the furniture of the room 
covered with prolongations of the same lining, there 
would then be various doublings from the walls 
or floor, in older to accomplish the purpose. In 
this way, the various mcanderings of tlie Intestines 
are held together; and the doubling by which 
this is effected is termed the meFentety, Where 
strength of support is required, there are fir0ier 
and tighter doublhigs piovided; wheie attach- 
ment only is wanted, the co\ering is loose. — It 
is merely necessary to oiice the spleen, which 
is another of the viscera of the abdomen, and 
lies, as I have already mentioned, on the left side 
of the body, contiguous to the stomach, to which 
it is attached by blo'^d-^vcssels. It is of a dark 
purple colour, very foil of blood, of an irregular, 
flattened, oblong figure, and with no perceptible 
duct Its nses have not yet been ascertained; and 
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that they are not of prime consequence in the 
animal economy, is apparent from the circum- 
stance, that it has been removed from dogs, with- 
out affecting their health. It is apt to be enlarged 
by residence in a tropical climate ; and in this case 
forms w hat has boon vulgarly termed tlie ague cake, 
from its frequently being the consequence of in- 
termittent complaints. — In addition to the ab- 
dominal viscera which I have mentioned, I may 
remark that there are two or three other organs 
not suitable for elucidation by conversation, and 
which must, if they arc made the subject of atten- 
tion, be studied in books. 

CHARLES. 

It appears from what you have stated to us on 
the subject of digestion, that this process consists 
of two series of operations ; one occurring in the 
stomach, by which the food is converted into 
chyme; the other in the bowels, by which it is 
converted into chyle ; for I presume that chyle Is 
never to be found ui> the stomach* 


DE. A. 

It n^kes its first appearance'in the duodenum, 
after the mass which has been transmitted from 
the pylorus has been mixed with the bile and 
pancreatic juice; but it is continued to be &rm6d 
during the whole course of the small intestines. 
Over the whole interior of these intestines, and 
more sparingly in the large ones, minute vessels, 
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^Iled lacteals^ as I mentioned to yous open, for 
the purpose of taking up the chyle. They carry 
it on to the mesentery (that part of the doubling 
of the peritoneum which unites the folds of the 
intestines together), to several series of small 
glandular bodies, existing in the substance of the 
mesentery. Over them the lacteals are divided 
into minute ramifications, unite again into large 
branches, are again dispersed over other series of 
these glands three or four times, and then again 
produce a small number of larger trunks, which 
join in forming one long one ; which is called, at 
its commencement, the receptacidum chyli^ or re- 
ceptacle of the chyle, and in its continuance, the 
thoracic dtwL These, together, form a small mem- 
branous, tortuous canal, several inches in length, 
about the thickness of a small quill, and a little 
wider at its commencement, where it is termed the 
receptacle of the chyle, than in its progress. It 
lies close to the spine, accompanies some of the 
large blood-vessels, and, ascending to the upper 
paM of the chest, delh ts its contents into a large 
yam near the heart, called the left subclavian; and 
these contents then form a pert of the general mass 
of blood. The whole process is termed absokp- 
TioN. You will be -tble to form some idea of the 
course of the thoracic duct, from the little sketch 
which 1 now shew you, in which 
No. 1. is the left subclavian vein; 

2. the internal jugular vein , 
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3. part of the vein called azygos, or vein 

A^ithoiit a fellow; 

4. part of the descending aorta, or great 

artery ; 

5« the subclavian artery. 

6. lacteals entering the receptacle of the 

chyle; 

7. lymphatics entering ditto ; 

8, 9. the thoracic duct ; 

10. the entiance of the thoracic duct into 

the subclavian vein. 

ttABR/ET. 

How very simple and intelligible you have made 
this route of the chyle to the circulating system. 
But is the chyle, in its milky form, fitted at once 
to unite with the blood, and perform its various 
functions ? 

DR. A. 

By no means. It has to pass through the circu- 
latioir; and there you will find, that there are some 
processes to which the compound fluid must be 
subjected, before it is adapted to nourish the body. 

' / ClIARtES. 

*Ilie divisions which the lacteals suffer in the 
mesenteric glands are, I presume, intended to 
complete the adaptation of this fluid to entering 
the blood. 

DR* A* 

Such a purpose’ is exceedingly likely ; but we 
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know very little of the particular structure ot 
glands, so as to be able to form any conjecture as 
to the*inode in which nature makes tliem useful. 
The propel and pervious state Of the mesenteric 
glands is essential to the health of the body ; for 
in case of their obstruction, or of their want of 
due action, the chyle is imperfectly t^en up, oi 
unduly elaborated ; and as the system is in this way 
not adequately nourished, emaciation takes place. 
Mesenteric disease is therefore a very formidable 
complaint, and is such as children are particularly 
liable to, more especially in laige towns; though it 
is very probable that complaints asetibed to the 
mesentery alone, belong to much of the process of 
digestion and assimilation. 

CHARLtS. 

The mouths of the lactcals take in tlieir contents, 
I suppose, by capillary attraction; but I cannot 
understand, in this case, why they should not 
imbibe any fluid, whether nutritive or not, which 
may be applied to them. 


nn« A. 

There* seems to be a power of contraction in 
those vessels, by mean? of which they refuse en- 
trance to any substance of an injurious n^ure. 

CHARLES. 

But in what way are the content$ propelled? for 
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c^illary attraction would only operate while the 
vessels were of a certain size. 

DR. A. 

Throughout both the lacteal vessels, and tho. 
racic duct, valves are placed, which prevent the 
fluid w'hich Jias once entered them from regurgi- 
tating; and a valve likewise exists for the same 
purpose, at the termination of the thoracic duct, in 
the great vessels which I mentioned to you that it 
joined. These valves give a knotted appearance 
to the lacteals and thoracic duct, and seem to be 
produced by a doiibling or folding of the inner 
membrane of the tube. In this way the return of the 
chyle is prevented ; but there is likewise a contrac- 
tile power allotted to the lacteals and thoracic duct, 
by means of which a contraction takes place over 
their contents, so as to propel them forward. If 
there had not been valves, the action might have 
thrown the contents either way, and thus part of 
such action would have been lost ; but with this 
structure, all the contifaCtile force is employed in 
propulsion. 

CHARLES. 

There must then, 1 suppose, be a muscular 
structure in the lacteals and thoracic duct, to 
produce this * 

on. A. 

The coots ate tpo diin to admit bf such a $tnic> 
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lure being discovered by the eye; but the vessels, 
though very thin, and indeed imperceptible when 
empty,* are very strong, and have a power of 
emptying themselves even after death ; since the 
lacteals which may be visible on the mesentery of 
animals immediately after death, from having chyle 
in them, soon cease to be so, from the chyle being 
passed onwards. The thoracic duct likewise, on 
being opened, has been known to throw off its con- 
tents, like blood from a vein. It is to be observed, 
that there is a similar structure both in the veins 
and the lacteals, which assists this motion, viz. that 
the trunk is smaller than all the branches united • 
so that an acceleration is given to the current, the 
nearer the fluid approaches to the trunk of the 
absorbing vessels. There is still, howeverj^ a good 
deal of difficulty attaching to the mode in which 
the motion of the chyle lakes place, and an inge* 
nious idea has lately ascribed it, in some degree, (as 
I shall have occasion to mention to you, when I 
speak of tlie mode in which the circulation of 
the blood is carried on,) to the effects of atmo** 
spheric pressure operating during the act of 
inspiration. 


HARRIET. 

It is certainly a very extraordinojry circfo^tance, 
chat animal and vegetable food, wb(ch are so very 
different in their nature^ should bbth vf them in 
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time be equally converted into bloody and, through 
the medium of this, into all the varieties of sub- 
stances which exist in the anuiicd body. If the ulti- 
mate elements of both were the same, there would 
be no difficulty in the idea ; but if this is not the 
case, it seems to be by a sort of transmutation, 
hardly less perfect than that of lead into gold, by 
which grass, for example, is so altered in the di- 
gestive organs, as to be capable of conversion into 
muscular flesh. 


UR. A. 

We can hardly admit the production of a new 
substance, without the materials being afibrded of 
which it consists; and if we cannot account for 
the access of these materials, it only evinces that 
our knowledge of the ultimate analysis of the 
bodies from which such new substance was de- 
rived, or our acquaintance with the other sources 
from which its component parts might originate, 
are not sufficiently "‘acem ate. The great general 
tlistinctiun betwier Ordinary animal, and ordi- 
naiy vegetable matter, is the absence or paucity 
of in the latter ; for by ultimate analysis, 
oxygen, hydrogen, and carbon are found to be 
common to Ifoth, though in unequal quantities. 
What may be the source of that large portion 
of aaiote, which forms s0 important a feature 
in animal composition, is a matter of question; 
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and whether it may arise from the decompo- 
sition and new combination of substances, which 
we have been in the habit of regarding as 
simple, has not yet been deternrii^ed. The 
most accurate researches of some of our most 
scientific chemists have pursued the food from its 
entrance into the stomach, through all the suc- 
ce«:si\c changes which it undergoes there, and in 
the small intestines, and also in various parts of its 
course, as chyle, up to .its combination with the 
blood; and it has been found that material changes 
of nature in the nutritive part of the aliment take 
place through every part of the progress, by means 
of Avhich the vegetable matter becomes more and 
inoie animali/ed, and the animal, more and more 
made to approximate to the nature of Mood. It is 
very probable that \ arieties may even occur between 
the precise nature of the gastric juice and other 
secretions to which the food may be exposed in its 
progress, so as to assist in the more ready animal- 
i/alion of the vegetable matter; and as we exist in 
a fluid, the atmosphere, of which the larger part 
consists of a/otic gas, it has been rendered pro- 
bable, (as we shall And on the subject of respira- 
tion,) that a supply of azotic gas may take place 
from the atmosphere, which may have some ^ect 
in making up the balanbe rendered necessary by 
the use of vegetable aliment alone. The trans^ 
lormation of vegetable food^into animal matter, i$ 
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therefore, a subject of great difficulty with 
physiologists. 


CHARLES. 

The production of the solkl material of bones, 
the phosphate ofjime, must, I should conceive, be 
a matter of some difficulty in the theory of diges- 
tion j unless the food, whetlier animal or vegetable, 
be considered as affording sufficient for the pur- 
poses of the system. 


DR. A. 

Lime is one of the most universally diil^used 
bodies ill nature, and it would not be difficult to 
suppose, that enough of this might be afforded by 
the aliment for ordinary purposes; but then theife 
are some animals, as the testaceous and crusta- 
ceous, in which so large a quantity is requisite, as 
to make it impossible to consider the supply as de- 
pending entirely on the food taken in. Some accu- 
rate observations have been made as to the quantity 
of calcareous matter 02;pduced in eggs in a certain 
time^ by a hen fed in a known way ; and it has 
bc^naadsfactoriiy ascertained, that more calcareous 
matter was than could be accounted for by 

that ^ich v^^jreceived os aliment Here, there- 
fore} there elth^ a generation of such calca- 
reous matter by the powers of the system ; or this 
subi^iance mustbe acompoundbody, formed by some 
d^eompo^itiouS} or new combinations of substances, 
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>iviiose chemical nature and mode of combination 
have not been suiBcientlyunderstood. Similar diffi- 
culties have occurred in the vegetable kingdom; for 
in answer to a prize- question proposed by the Ber- 
lin Academy, to determine the constituents of the 
different kinds of coni, and to ascertain whether 
tlicir earthy part is formed by the process of vege- 
tation, it was at length discovered by Schrader, 
a Prussian, that seeds will grow and produce corn, 
yielding as much, or more earthy matter than the 
original seed, when removed from all contact of 
earth, and watered merely with distilled water. 
The experiment was made on seed planted in sul- 
phur, placed in a garden, at a distance from all 
dust, in a box to -which the light and air had free 
access^ but from which all dust and rain were 
carefully excluded. In confirmation of the same 
extraordinary circumstance, Saussure found, that 
plants growing in a calcareous soil, which con- 
tained little or no silica or flint, will, never- 
theless, yield a considerable portion of that sub- 
stance; and other chemists have discovered in the 
ashes of some descriptions of pines, more than 65 
per cent of lime, when no traces of this substance 
could be found in the soil. All these circum- 
stances, therefore, discover that the powers of 
chemistry are inadequate to detect the processes 
which are continually carried on in the animali as 

VOL. II. L 
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well as tlie vegetable economy, for supporting lilt 
and promoting growth. 

llARttIKT. 

You spoke, when you were on the subject of tlic 
brain and nervous system, of galvanism having 
some influence on the function of digestion. In 
what way does it bear upon the process ? 


nil. A. 

Digestion is found to depend on a certain in- 
fluence propagated from the brain to the stomach, 

. tlirougli the medium of a particular nerve wdiich 
passes dowm the neck and back, and is called the 
par vagiini, or wandering pair of nerves. If these 
nerves are divided, and a portion of them removed, 
tligestion is suspended ; but it is restored on sub- 
* stitutiiig galvanism for the natural nervous energy, 
and hence it has been conceived, that nervou^i 
and galvanic influence arc idenlicah 

In mentioning to you the lacteal vessels, I havtv 
ocaitted the notice of another very important part of 
the absorbent system; namely, vessels^ 

the contents of whicli are carried into the blood, 
partly through the medium of the thoracic duct 
(No.S, 9. Page209.), and partly by separate junc- 
tions with the lai-ge veins themselves, near the place 
where that duct joins the subclavian vein. 
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HARRIET. 

1 recollect that you gave us an outline of tlie 
lymphatic system, when you conversed on the 
subject of the bones ; and I well remember how 
curious we considered the continual deposition 
and absorption of the various parts of the body, 
which you then mentioned to us. 

CHARLES. 

By means of the lymphatics, the body seems to 
live upon itself, since the fluid which they con- 
tain, is thrown into the mass of blood, with what 
is intended for nourishment. But is there any 
similarity in the striictui'e of tire lymphatics, com- 
pared with the laetcals ? 

»R. A. 

A very considerable one, both in appearance 
and texture; and both sets of vessels pass through 
glands, and are endowed with valves, in order to pre- 
vent regurgitation. 'Xlie glands become apparent, 
as well as the course of the lymphatics themselves, 
when the extremities of these latter are irritated, 
or in any other way injured. For instance, when 
leeches are applied to any part, the bites will oc- 
casionally fester, and in this case, if the part 
be the hand, red lii? will be seen extending up 
the arm, and runn jg to Ihe arm-pit, in which a 
small painful knot may be felt, which is an in- 
flamed lymphatic gland.' Medical gentlemen have. 

L 2 
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sometimes severe affections of this kind, from ac- 
cidental cuts or scratches got in dissection. 

• CHARLES. 

Would the lymphatics be capable of being seen 
as white lines immediately under the skin, as you 
have mentioned to be the case with the lactcals 
in tlie intestines and mesentery ? 

OR. A. 

The lymphatics are always invisible, for the 
fluid which they contain is pellucid like water, 
and not of a milky nature like chyle; and the 
trunks into which all of them unite, may be seen 
to pour a watery material into the thoracic duct, 
(No. 7. page 209.) or into the subclavian vein when 
they terminate directly in that. 

SOPHIA. 

Except for this proof, it would be very difficult 
to conceive the existence of such a minute system 
of vessels, containing a transparent, and therefore 
an invisible fluid. 


DR. A. 

It is riot, however, left to mere general inference, 
however probkble, to conclude concerning this 
systeip/df vessels. By great nicety, a lymphatic 
i^asel is capable of being discovered, and of hav- 
ing ia very small tube fixed in it, communicating, 
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or continuous with a larger one containing mer- 
cury. The weight of the mercury forces on the 
minute stream, first into branches, and then into 
trunks, till not only the existence of lymphatics is 
discoverable in all parts of the body, but their 
union in glands, tlieir departure from them again 
in branches, their subse:]uent union in trunks, and 
the congress of their trunks in a common centre. 
In this way, the whole body lids its lymphatics 
filled with mercury, so as to exhibit an extensive 
series of vessels over every part of it, communicat- 
ing freely with each other; so as that if one gland 
is obstructed, the fluid may lie carried on, without 
interruption/ by uniting branches, which have 
passed through other glands. I may mention to 
you, that lymphatics have not yet been discovered 
in the brain ; but there can be no doubt of their 
existing there, as well as in other parts of the 
body. 

SOPHIA. 

I take it for granted, that lacteals and lymphatics 
exist in all animals. 

1)R. A. 

^ An absorbent system has been discovered in the 
mammalia, birds, amphibious animals, fishes, and 
insects, and something of a similai* kind must also 
exist in the lowest orders of the creation. Through- 
out the mammalia, there is a very great resem- 

L 3 
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blance in the lacteal and lymphatic system ; and 
in all of that class, the chyle is white and milky. 
In birds, the chyle is transparent, as well as the 
lymph; and in tliem, as well as amphibious ani- 
mals and fishes, there are few or no glands and 
valves. There are various differences in animals, 
in the direction and course of the lymphatic ves- 
sels, and in the variety of shape and number of the 
trunks in which they terminate. 

HARRIET. 

There seems to be this curious difference be- 
tween the action of the lacteals and the lymphatics, 
that the former only take up one particular sub- 
stance, chyle, while the latter appropriate to them- 
selves every thing with which they come into con- 
tact. It seems as if they blended together all the 
materials of which the botly is composed, whether 
bones, flesh, or membrane, into one general and 
uniform mass, to be again and again made sub- 
servient to the purposes of the animal economy. 


DR. A. 

Tins is the case ; and a singular and beautiful cir- 
cumstance it is, that there should be such a great and 
unceasing activity employed, as I before explained 
to you, over every part of the system, in moulding 
it to its particular form, in taking off* what is in- 
jurious, and in contributing to a due balance of 
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action in the various parts of the animal body. 
But the lymphatic vessels, it is necessary to men- 
tion to you, not only carry back into the system 
wliat originally belonged to it, but from their 
diffusion on the skin, have the power of imbibing, 
sometimes spontaneously, and sometimes by means 
of friction, substances which come in contact with 
the skin. Thus portions of mercury, lead, and 
other deleterious substances, can be taken in, and 
produce well-marked effects on the system, through 
the medium of the skin ; and moisture can be 
absorbed by the skin, cither when the body is im- 
mersed in water, or in air, though in various 
degrees according to the condition of the animal, 
and the circumstances under which it is exposenl. 


i. 4. 





CONVERSATION XVJL 

OF THE CIRCULATION OF THE BLOO0* 


DR. A* 

We have followed the course of the nutritive part 
of tlie food, up to its introduction into the circula- 
tion ; and in natural order, we come now to con- 
sider the mode in which the circulation of the 
blood is carried on. 

The heart and blood-vessels are the organs 
employed in this process ; and these last, I have 
already mentioned to you, consist of arteries^ which 
are employed to transmit the blood to the various 
parts of the body from the heart ; and vcins^y which 
are employed to return it to the heart. 

HARRIET. 

These vessels, I suppose, are of the same nature, 
though they differ in some degree in their office. 


DR. A. 

In that supposition you are much mistaken. 
The jirteries are of a much thicker, firmer, and 
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more elastic nature than the veins, and are more- 
over distinguished by their pulsation. 

SOPHIA. 

The pulse, then, which is felt at the wrist, arises 
from an artery : but how does it happen, that we 
do npt feel pulses in other parts of the body, as 
arteries must be very extensively diffused which 
we see that veins are ? 


DR. A. 

Arteries are in general deep seated, for the 
purpose of their protection from injury. There 
are, however, some places, where they are readily 
felt, and their pulsation even seen, as for instance 
in the temple, where small branches arise from a 
trunk which passes up close by the ear. In some 
other places they may likewise be felt with a little 
care, as in the whole course of the arm, from the 
shoulder to the elbow. The force of arterial 
pulsation may be readily imagined, when I tell 
you, that the motion of the leg which is to be 
observed when one leg is placed across the other, 
arises from the pulsation of an artery in the ham, 
and which it would be difficult, if not impossible 
to stop, by any weight which we might employ 
for the purpose. — The general view of the cir- 
culation is, that the heart transmits the blood to 
the different parts of the body by the arteries, 
L 5 
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which is returned by the veins to the heart, to be 
again circulated. This is called the greata cir^ 
cidation; but at the same tiinc k is to be observed, 
that there is an intermediate, or lesser circulatmi^io 
which it is also to be subject through the lungs. — 
The mixture of chyle and lymph enters the veins ; 
and the veins convey the blood to the right side 
of the heart, from whence it carried through 
the lungs. It is then brought back to the left 
side of the heart, and forthwith transmitted by 
the arteries all over the body, to be brought back 
by the veins, and to be continually subject to a 
repetition of the same career. 

IIARRIEI. 

Then there appears to be a sort of double cir- 
culation; one side of the heart circulating the 
blood through the lungs, the oilier over the body. 
But I wonder why the lungs should not derive 
their blood and nourishment in a way similar to 
other jiarts of (he body, through the mcduiin of 
the arteries from t^e left side of the heart. 


DR. A. 

The nourishment and support of the lungs are 
effected by means of arteries, in the way which 
you have suggested ; but you must remark, that 
when blood from the veins is first received into 
the heart, with the recent addition of chyle and 
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lymph which have been made to it, it is not fitted 
for the support of the system; and hence it is, 
that the lesser circulation takes place. 

HARRIET. 

Does the blood then differ in different parts of 
tlie body ? I thought that it had all been alike in 
nature, as it is in appearance. 

UR. A. 

But it is not alike, either in nature or appear- 
ance ; for that which is contained in the arteries, 
is of a florid red, or scarlet colour; that whicli is 
contained in the veins, is uf a dark, or modena 
red ; and the former only is fitted for the nutritive 
purposes of the system. — When the venous blood 
is received into the heart, it is of a very dark 
colour. It circulates through the lungs, and it 
returns florid. It is in this organ, therefore, that" 
it becomes properly, and finally assimilated. It 
retiiins back proper blood, is circulated, furnishes 
the materials for the grow^th of parts, and for the 
formation of the various secretions of the body; 
and after serving these purposes, its nature is 
changed, it is returned by the veins, of an altered 
colour and character, and unable further to 
nourish and support. It receives the addition of 
fresh materials from the food, is then elaborated 
in the lungs, and again undergoes the same pro- 
cess. 

I. 6 
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CHARLES. 

Has the change which the blood undergoes in 
its circulation through the lungs, been ascer- 
tained ? 

DR. A. 

The changes produced in tlie lungs depend 
principally on the operation of the air in respi- 
ration. Tliis, however, will come under our more 
particular notice, in considering the lungs, and 
the functions to which they are subservient. Wc 
must now examine the great organ of circulation, 
the heart. 

The Heart is principally composed of irregu- 
lar fleshy fibres, of considerable strength. It is 
lodged in a sort of bag, called the pericardium^ 
which usually contains a portion of watery fluid in 
it, called the water of the pericardium. The heart 
and lungs arc both of them contained in the cavity 
of the thorax, or chest. This cavity is, as I have 
stated before, separated from the cavity of the 
abdomen by the dtaphrap^m^ which is a muscle 
capable, by its contraction and expansion, of en- 
larging or contracting the cavity of the chest. It 
is so placed as to be concave outwardly : that is, 
towards the abdomen; and convex inwardly, 
towards the chest; and has, on this account, 
been aptly enough compared to the shape of the 
bottom of a wine bottle, which ascends some 
dbtance into the body of the bottle, just as the 
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diaphragm does into the body of the chest. The 
chest is divided, from behind forwards, into two 
parts, by a double membrane called the medi^ 
astinum^ which, however, leaves rather less space 
on the left side, than the right. The Iwigs fill up 
the whole of the right side of the chest; but 
they divide the left with the heart, which occupies 
a considerable space in the front ; as you may ob- 
serve in the sketch which 1 shewed you at our 
last meeting. The hcaH lies in a somewhat 
oblique position across the chest, its apex or point 
being towards the ribs, on the left side; while 
its basis, or broadest part, is higher up, and 
towards the centre of the chest. It contains 
within it two cavities, or ventricles^ one of which is 
called the anterior^ or right, and the other, the 
posterior^ or left ventricle. It has also at its basis, 
and communicating with their respective ventricles, 
two other cavities, called amides, so termed fi‘om 
their resemblance to a dog^s ear, one of which is 
designated by the name of the right, and the other 
by that of the left auricle. The heart may, there- 
fore, be considered as constituted by the union of 
four hollow muscles ; namely, two ventricles and 
two auricles, e(ich of them having a power of act- 
ing separately on the blood, which passes through 
them; but the muscular flesh which makes up the 
ventricles, is very much thicker and stronger than * 
that which constitutes the auricles. 



230 


CIRCULATIOK OP THE JBLOOD. 


But it is necessary to examine more particularly 
the mode in which the circulation is carried on 
through the heart ; and in ordei to make myself 
more intelligible, 1 shall suppose this again to be 
divided into two separate parts, the one, that which 
transmits the blood through the lungs ; the other 
that which conveys the blood over the body. 
Each of those parts consists of an auricle and a 
ventricle* Now the blood which has circulated 
over the body, is brought back to the heart by an 
ascending and descending Vein, and is poured in a 
full stream into its right auricle. As soon as the 
auricle is full, it contracts on its contents, and* 
forces them into the right ventricle. When this 
becomes distended, it likewise contracts, and pushes 
the blood throughout the lungs, by means of the 
pulmonary artery. This is the completion of the 
first circulation, and in the sketch which I have 
made, you ivill see that aa designates the ascend- 
ing and descending vena cava, which unite in 
transferring their blood to the auricle which 
gives it up to the ventr' zle c, and this to the pul- 
monary artery //, and subsecjuently to the lungs, 
which ramify into various branches on each side 
of the sjcetch*: After the blood, has circulated 
through the lungs, and has had those phanges 
produced in it which the lungs are destined to 
effect, the second circulation commences, by tlie 
blood bemg transmitted tlirough the means of the 
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pulmonary vein e (or rather veins, for there are 
lAvo from each lung) to the left side of the heart, 
where it enters the left auricle ^ which conti*acts 
upon it, and forces it into the left ventricle g. 
This, in its turn, when full, contracts, and transfers 
it to the ascending aorta, or great artery, which is 
Josignaled by tlie arrow ascending from the ven- 
tricle g; and this makes a curve called the aixli 
of tlie aorta, from which various branches are sent 
out to supply the head and upper extremities ; and 
descends in the descending aorta A A, to be diffused 
over the remaining parts of the body. 
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SOPHIA. 

How exceedingly interesting this detail. And 
I do not despair of understanding it, through the 
medium of the sketch that you have given us. If 
the two divisions were, brought together, we should 
have, I suppose, a sketch of the heart as a whole ? 

DB. A» 

, Certainly; and for further illustration I shall 
show you anotlier sketch, in which the heart is 
exhibited with its two sides joined, or locked into 
each odier ; though you will find it rather difficult 
to comprehend so apparently confused an assem- 
blage of vessels as are here exhibited. In this 
sketch, 1 1 represent the larg^ veins, the cava?, 
answering to a « of the former one ; 2 2 represent 
the right and left auricles, answering to and 
having the pulmonary artery answering to d, ex- 
panding to the lungs on each side, between them ; 

3 3 are the right and left ventricles, answering to 
eg; and 4 is the aorta, answering to h //, tlie' 
pulmonary artery ansvv ring to e being supposed 
to be concealed by the auricles. 
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soPiirA. 

Is tlie motion of the blood through the heart 
quickly pel formed? I suppose the beating of 
the heart must, in some way, be produced by 
the action of the amides and the ventricles. 


DR* Am 

The beat of the heait evinces the contraction of 
its veiitiicles; and as the standard jn a healthy 
adult IS about 70 in a minute, you will understand 
in what a continual and rapid alternation of ful- 
ness and emptiness the heait is. 

CHARLES. 

But as the different parts of tlie heart act 
sepal ately, we must only, I suppose, feel the beat 
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of one particular part at a time; unless, indeed, 
two movements can go on at once. 


And this last is the case. The beat is produced 
by the forcible contraction of the ventricles, which, 
taking place at the same instant, forces the blood 
which is in the right side of the heart, that is, in 
the right ventricle, into the pulmonary artery, 
through the lungs; and at the same time the 
blood, which is in the left side of the heart, that 
is, in the left ventricle, into the aorta, to be dis- 
persed over tlie body. 

Cir ARLES. 

But then the auricles receive their supply from 
the veins, just as frequently as the ventricles pass 
on the blood which has been transmitted to them. 
Is their action, of passing the blood on to the 
ventricles, capable of being felt ? 


DR. A. 

The force which th 3y are enabled to exercise, 
is much less than that of the ventricles ; and so is 
the necessity for the exercise of force ; and per- 
haps an inspection of the plan may afford you a 
reason for these circumstances. 

CHARLES. 

The auricles have only to propel the blood into 
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the adjoining ventricle; while the one ventricle 
has to transmit it through the lungs, and the other 
through the whole body. 

1)11. A. 

Certainly ; and, therefore, tine force exercised, is 
not sulficient to produce an apparent beat The 
action of the respective parts of the heart follow 
each other in rapid succession, and that of similar 
parts in each side have an accordance of move- 
ment. For instance, the large veins pour in^ the 
blood into the right auricles, at the same time that 
the pulmonary veins pour it into the left. Both 
auricles contract at the same time, and throw the 
blood simultaneously into the ventricle of their re- 
.'jpective side; and I have already mentioned, that 
both ventricles act togetlier, and form the beat. 
In professional language, the action, or contrac- 
tion of the ventricles of the heart, constitutes] its 
systole ; the dilatation its diastole. 

CHARLES. 

It seems to be singular, that the contractions 
of the heart should only take place when, the 
auricles and ventricles are foil of blood. Is there 
any particular reason why this effect does not oc- 
cur before these parts are jSlled, and thus more 
frequent pulsations produced ? 
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DH. A. 

In all muscles, there is, by the laws of nature, 
some particular stimulus, or exciting cause, which 
produces their action. This, with the heart, is the 
blood ; and both the nature of the fluid, and dis- 
tension produced by it, seem to be necessary to 
stimulate the muscular fibres to contract. The 
disposition to contract is so strong in the heart, that 
it continues in some animals for some time after 
death ; and is readily excited by any mechanical 
irritation, even when separated from the body. 
Thus the little heart of a frog will continue its 
beat, many hours after the death of the animal, 
and its removal from the body ; and the touch of 
a pointed instrument will restore it after it has 
ceased. 


CHARLES. 

As the auricles and ventricles are separate ca- 
vities in which the blood is always to go one way; 
there is, I suppose, some sort of valvular structure, 
as there is in the lymphatics, to prevent its re- 
gurgitation. 

DR. A. 

This is a beautiful part of the structure of the 
heart; and one, ind'^ed, which was a principal means 
of leading tlie great Harvey to discover the real 
nature of the circulation ; for as he found that there 
were valves, and that these allowed the passage of a 
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fluid in one direction only, he was thus led to 
discover the true principles of the blood’s pro- 
gress through the body. The veins pour, in a 
continued stream, their blood into the right auricle, 
forced on by the pressure of the blood behind; 
but between this auricle and its ventricle, and be- 
tween its ventricle and the pulmonary artery, there 
are valves placed, which prevent any regurgitation 
of blood into the auricle from the ventricle, or 
into the ventricle from the artery. In the same 
manner, the blood flows, in a continued stream, 
fix)m the pulmonary veins into the left auricle, 
being pressed on by that which is behind it ; but 
between the left auricle and its ventricle, and 
between its ventricle and the aorta, valves are 
provided, as in the right side of the heart. 

CHARLES. 

Valves, I suppose, from their name, have some 
resemblance to folding doors, which open and shut, 
for the purpose of admitting or excluding. 


DR. A. 

Floodgates more nearly resemble them in office, 
with this difference, that valves, in the animal 
body, admit the passage of a fluid only one way, 
and thus preclude regurgitation ; but they do this 
by their own action, without the adjustment which 
is necessary in floodgates. . - 
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SOPHIA. 

I do not quite understand how a valve, which 
will let a fluid pass one particulai way, can suffer 
the auricles or ventricles to get full in tlie manner 
that you mention. One woukl imagine that the 
blood would pass on through the valve, as soon a> 
it was received into the auricle or ventricle, with- 
out remaining till the distension takes place, which 
excites them to action, unless there was some 
mode by which they could be kept sliut. 


DR. A. 

There is much justness in your remark ; but I 
must observe, that though the general circum- 
stances relative to the Jieart and arteries, are very 
well known, some of the minuter points arc still 
matters of speculation. When the ventricles con- 
tract, it is clear that tlie action of their muscular 
structure will shut the valves whicli open between 
them and the auricles, and thus suffer the blood 
to accumulate in the auricles ; and it is very pro- 
bable, that the elasticity of the coats, both of the 
pulmonary artery and the aorta, after passing on 
the column of blood transmitted through them by 
the ventricles ; and the temporary interruption to 
its flow, which tak place on the cessation of the 
action of the ventricles, may give such a disposition 
to regurgitation, as may shut the valves, and allow 
the filling of the ventricles for the next impulse. 
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It is to be remarked, too, that on the relaxation of 
the arteries, a vacuum is produced, which is sup- 
plied by the blood from the auricles, and at the 
same time favours die shutting of the valves of the 
venti icles, so as to allow them to get filled. 

CUAKLES. 

But if the contraction of the ventricles will shut 
the valves between them and the auricles, may not 
a contraction of the arteries shut the valves between 
the latter and the ventricles ? 

DU. A. 

It has been a matter of question with some 
physiologists of late years, whether there is any 
actual climiiiution in the calibre of the larger arte- 
ries, after the current of blood has been passed 
through them; and it is thought by many, that 
the movement of the blood is produced by the 
action of the ventricles alone ; and that the arte- 
ries, particularly the large ones, principally per- 
form the part of pipes, to carry it on to the various 
parts of the body. 


CHARLES. 

. But I thought that the pulse was produced by 
the swell of the arteries, owing to the increased 
quantity of blood thrown into them from the 
heart. 
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■ ' DR. A. 

' Such was long the prevailing idea; but doubts 
were thrown upon it by the consideration^ that the 
vascular system must always ► contain . the same 
quantity of blood in it; inasmuch as the same' 
quantity makes its entrance into the heart from 
the venal extremity, as leaves it at the arterial 
extremity. It has likewise been stated, that in 
circumstances where there has been the power of 
seeing an artery uncovered, no dilatation or con- 
traction in it were perceptible, though the impulse 
from the blood which was continually thrown into 
it from the heart, was distinctly felt on the coals 
of the artery, when the finger was applied to it. 
These, however, are minutenesses, which are 
rather inappropriate to the nature of our general 
considerations of physiological subjects. 

CHARLES. 

On this supposition, therefore, I presume, the 
impression communicated to the tube or pipe, as 
a solid elastic body, is felt by the finger. 

DR. A. 

This is thought to be the case, though it is 
rather difficult, on this hypothesis, to account for 
the beat being seen ; unless, indeed, the mere vi- 
bratory motion communicated to the coats of the 
artery, should be apparent when propagated to the 
contiguous parts. . 
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HARRIET. 

I hare often wondered what particular inform- 
ation about diseases the pulse can commiuiicate ; 
and perhaps you can give us a little ided of this^ 
without at all risking our becoming doctors. 

DR. V. 

\\1ictliei the artery may be regarded as actually 
enlarged during its beat, or as merely comnUini- 
i Rting an impulse from the heart, tho state of the 
pulse imports to us a knowledge of the force and 
lapidity of the circulation, and gives us much 
otlier info) motion relative to vascular action, which 
IS inipoitant in enabling us to judge of diseases. 

I 

HARRIET. 

Docs the beat at the heart, and the pulsation at 
the arteries, take place at the same instant of 
tiyic f 

DR. A. 

This is commonly represented as the case 5 bujf 
I think you will find, on feeling the beat of the 
heait with one hand, while, with the other, you 
feel the artery *at tlie wrist, that they are not quite 
bimultaueous. 

HARRIET. 

There seems, indeed, to be a very iS]cc|ail, tl^ugh 
an appreciable interval between but it re^ 

qnfres great attention to make out this point. 

VOL. II, M 
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CHABL£$. 

The heart seems to be a of forcing pump, 
which possesses a power that is necessary for 
carrying the blood over the body. 

DR. A. 

The relaxation and expansion of the ventricles, 
may be considered as producing what is equiva- 
lent to the vacuum formed in the pump, by means 
t>f which the water is raised; and the contraction 
of^ ventricles acts the part of the depression 
of the piston ; while in Ix>th eases there is a set 
of valves, which open in one direetbn only. 

CHARLDS. 

llie muscular power of the heart must be ex- 
ceedingly great, since it can exercise the &culty of 
compression, to the extent of emptying its vessels 
complotdy, at every pulsation. 

OR. A. 

It is die most powerful muscular structure ot 
the body, and it ow i its great extent and force of 
<S<mtr^on, to the particular disposition of the 
aUW^ar dhtos which form the ventricles. The 
right ^IsHcle Jas to do no’^ore than drcnlate 
die blood' thr^h'^the ‘lungs; but the led has 
i^propria^tol^ die office of transmitting it over 
^ whede systeffi. It la therefore much thicker 
than tho iri^ht j and possesses a very 
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peculiar structure to give it greater power; being 
constituted of two sets of fibres» disposed in strata, 
and surrounding the ventricle in a spiral form, the 
spiral disposition of the strata being in opposite 
directions. In this way, it is clear, that longer 
fibres can be empl^ed, and that a smaller con- 
traction of each set will be necessaiy, than undei 
a different distribution. 

, CHARLES. 

Have any calculations been made as to the 
quality of blood which the body contains, and 
the celerity of its movement through the heart ? 
Since the whole of the blood of the body passes 
through the heart, it must, I suppose, repeat its 
progress very frequently during the day. 

OR. A. 

It has been, considered tliat the* quantity of 
blood contained in the body, amounts to between 
30 and 40 pounds; and that about two ounces 
pass on from the heart at each pulsation. In this 
way, at 70 pulsations in a minute, 140 Qunc0s will 
pass through the heart }n a or 9000 

ounces in an hour. Hence the whole ^uantity^pf 
blood contained in the body, mpposing it to be ^ 
pounds, will pass thrdu^ die 
three minutes, or about 20 tiineS.liian;.hour« ot 
480 times in a dav. 
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Harriet. 

What a continual state of flux and reflux, of 
ebbing and flowing, takes pl.ice in the system ; and 
this, too, when the circulation is not iiurried ; for 
I presume that in running, or taking any other 
violent exercise, the circulatiqji is still more rapid, 

DR. A. 


- Unquestionably’ ; and other phenomena produced 
in c<»isequence, as increased perspiration, and aug- 
mented temperature, winch will afterwards come 
under consideration. — When the contraction of 
fhe left ventricle takes place, the blood, as I have 
all eady mentioned, is forced into the aorta, or gre.it 
artery. This consists of two divisions; one of 
which is termed the aorta ascendens, or ascending 
aorta, the other, the aorta dcscondens, or descend-- 
uig aorta ; and between them is the curve c.ailed th6 
arch, as you would observe in the sketches which 
I have shown you. From the arai of the aorta, 


the vessels, as I stated to you, pass off, which 
supply the head and upjier extremities ; while the 
descending aorta transmits vessels which are ap- 


pixilated to the viscera of the abdomen, and all 
the nel^bouring parts, and which at last temii- 
nate m that supply the lower extremities. 


somiiA. 


there Any regtdadty in the disposition and 
of &cjse vesieb ? 
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DR* A. 

Thei*e are occasional vaiieties, but in general 
there is great regularity in their distribution; bo 
that the anatomist knows where to find a particular 
vessel, either within any of the cavities, or nioic 
supeificially ; and as they have all of them nanu^, 
his researches may be condnctecl i^ith great pu*- 
cision. The names, I may observe, arc gentinlJv 
ii'ivcn to the artery from its-^supposed use, or faun 
tile part which it is intended to supply. 

All a^teri/i as I have already mentioned/ is a 
thick, firm, elastic tube, which, when cut, retracts. 
It consists of three coats, the external, mad^ of 
firmly comlcaseil cellular substance, of a white 
colour, and fixed to contiguous parts ; the middle, 
^hich has been supposed to consist of musculu 
fibrco, though much difference of opinion has taken 
place on this subject ; and the inner, which h ti 
‘ niootli, thin, dense, and transparent membrani . 
The thickness of tlic coats, and their propoitton 
to each other, differ according to the caliUo of 
the artery. In the large arteries, the oKistetide oi 
a muscular coat may be considered as somewhat 
c<juivocal ; but it is hardly, I think, to be ques- 
tioned in the smaller. — Both arteries and veins 
aie nourished by blpod-^essels, and are also suj>- 
plied with nerves and ahibtbents, like other part 
of the body. The blood is first forced into tli*- 
arteries by the powerful aefipn ef ventricle, 
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and stream atier stream following in quick sue* 
cession, the column of blood is propelled on to 
die minutest ramifications, liie motion, however, 
though principally depending on the heart, is pro> 
moted by the elasdeity of the large, and the mus- 
culat power of the small arteries. 

* SOPHIA. 

The quickness of the circuladon must, I sup- 
pose, be easQy affected ; for exercise seems to give 
one a sensa^mi of thiobbing all over the body. 

DRa A* 

Hot only does exercise accelerate the circulation, 
but, with weak people especially, various other 
ciicum&tances ; such as sudden alarm, and many 
other affections of the mind s the act of digestion ; 
imd even a sudden change dP posture. The rircu- 
latton becomes slower as life e^vances, being with 
infants as high as 120 or ISO beats in a minute; 
and gradually Mling to *70 or 7S, which is about 
the standard of adu^*{^. The Hood is, as 1 have 
mentioned, carried ovmr the body by the arteries, 
an4 brouf^t back by the vrins. The ciiange pf 
the one Feasel into the other takes place at the 
extremjta^f each, Vher% from their minuteness, 
they ijMlI^nubd ^^piOS$es, or no larger than 
hairs, t^ugb tbejr Ure Still oapaHeof carrying red 
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S0FH7A. 

What do you mean by the term red blood i 
Is it ever of any other colonr ? 

BRi A. 

When blood is taken from a veiny it is flnid ; but 
It soon coagulates, and divides into two pait^ the 
Cl ossamentum, or solid red parl^ and the serUtiO, OT 
fluid port, which is of a ye^owish tinge, and trans- 
parent Tlie prassamentum owes Itstredness to 
what are called red particles, which, thou^ taijr 
minute, being not more than the ss'ssth part o^an 
inch in diameter, 'tj^uire Vessels of a certain sire 
to admit tfam. Now some parts of the body, as 
the white of die eye, are soppUed with colom^iees'^ 
blood, because the vess^ are two stafdl to adBdt 
the red particles ; but as sOon as thete'Sressels be- 
come larger frmn any cans^ as from indanunatiou, 
then they become sf^iarent, because tbs^ are able 
to admit the red particles, wbidi mdse Uiem 
visible. 

HARRinr. 

Bot bow are ybu enabled to ascertdh this tcr- 
minatimi of arteries into veins, since dtey are both 
of them so exceedingly minate? 

DR. A. , 

If we tie an artery, or press on^i^ we 
the blood from flowing on to the 
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I 's^une tp a veto, we preyOnt it •froro carrying on the 
Uood in n reverse dineetioD. Oa lying up an arm 
.0:^ merely on pressing it tight, we 
find d)ai^d)ie vd^''^arge below the compressed 
part, 'which shows that the blood is returning to 
" the heart ; but a compression of the artery would 
interrupt the passage of the blood from the arteiie^ 
to the veins; hence, ip bleeding, this is to be 
avoided. 'Hie veins of the extremities, likewise, 
have valves, which* prevent the progress of tlic 

^ bloo^ except in a direction to the heart. 

« 

Cap any sort of fluid be thrown from the arte* 
ries into ^e veins, in order to demonstrate, stilf 
more completely, the passage of the blood from the 
^ope into (he other ? 

’ I ■ 

SR. A. 

ll&Mtamists ^ have occasionally succeeded in 
toje^ns from the arteries into th«^ 
'vfiSilhi m gape: most delicate and subtle 

are unable to pass through the minute 
vesatas.'^hKjfrfermHhe tramities of arteries and 


'vctouiv 


a way ^ to make the 


unite mb wfaem^a red iniedtion is em>. 
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CHAliLES*. 

We know, by bleeding, that tlie wounds td 
veins will heal ; but, as you mention that arteries 
are of an elastic nature, and retract when divided, 
any injury to them nui«t be of a very formidable 
nature, and any wound ry difficultly healed. 


DR. A, 

Unquestionably ; and hence nature ha*» looked 
io their safety, by giving them as deep and pro- 
tected a situation as possible. When they are 
wounded, or divided, however, they do not heal, 
but are obliged to be tied up, if large, ~thac is, a 
ligature put round them ; or, if small, they con- 
tract of themselves, so as to resist the passage ot’ 
the blood through them. 

CHARLCS. 

lint then, does not this operation cut off the 
passage of the blood*to the parts beneatli, so as to 
prevent their nourishment, and therefore to occa- 
sion their death ? 


dr. a. 

This would be the case, except for a very wise 
provision of nature, which has effected a general 
connection of the various arteries, by means of what 
is called anastomosUn In order to un^^^stand this, 
you must ednsider tW arteries send Out, in their 



250 ctBcm.A'noiir of iint BIOO 0 . 

< 

course, tertain large braocbes, which are divided 
into smaller and smaller ones, like the branches 
of a tre^ until they terminate in the most minute. 
No'v according to this structure, it is dear, that if 
you cut off the communication between the branches 
and the trunk, you would cut olF the supply $£ the 
blood. But then the superior branches, which go 
off from an artery or its subdivisions, send off some 
branches which unite widi others that are trans> 
^imttedh'010 branches below them. If the artery 
would, therefore, be divided in an intermediate 
space, the connection is kept up, between the vessel 
above and the parts below, by means of these 
anastomosibg, or communicating branches, and 
thus any inconvenience avoided. 

HARRIET. 

This is a very beauriful provision of nature; 
but are not the communicating branches so very 
minute, as not to be adequate to supply the parts 
below? 

DRf A*- 

. As soon as a large arterial trunk is tied, all 
In the parts below ceases ; and, in a 
hours, the warmth of the part is often a good deal 
diminished. however, is not idle under 

these cinmmstatiCes : the column of Idood, forced 
from above, and interrupted !n its usual progress, 
is pro|wted into the lateral vessels, and gradually 
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Hnds its way through the ominiQnicating,' tnr atias' 
tomosing ones, which, by d^reea, enliurge to a 
soiRcient siee to admit of die ustud circolation 
being carried on. Then the held is restored, and 
the pulsation returns in the vessdU beneath. TMs 
is one of the most important provisions in ‘the 
animd economy, and is that on which the succcsb 
of so many operations depends ; fin: whenever sur< 
geons operate, they may be always sure, that if 
they have occasion to tie a >tesse1, and thus cut off 
the immediate supply of blood to a part, nature 
will prhduoe an abundant supply from above. 
This was a matter formerly in’donbt, ami there- 
fore surgeons tied vessels with fear and trembling 
AS to the result; but so general is anastomo.9U, 
that Sir A&tley Cooper, in order to establish its 
existence^ in even the largest vessels, once tierl, 
or, as surgeons term it, tooh up, the aorta of a 
dog, and found that anastomosing branches 
plied the parts beneath, even after so ft>t1[ttid(^|itean 
operation. — I may just mention to you, that Avery 
scientific operation was devised by Mr. HiftdtSr, 
from a knowledge of this prhiciple> ia a very 
■serious diseo^ tiiat of poplit^'afoeurino. Tbis ^ 
cons^ in an mdargoment of artam lit the ' 
ham, which, if soffeied'W'gm'mhw^if^’^nost 
.'^llMy in timeg^e wayrahdj|Mi|dhiifd His 

bhjact was to cot off ^ 'hoA it $ 

and for ^ purpose, im ^ 
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of the thigh, where it, is pretty readily 
accessible, and tied it. He thu<» cut off die supply 
of blood \o the tumour in the hai»> knowing that 
brandies sent off above the tied part^ would unite 
with'bthers below the tumour, and thus supply the 
and foot as well as ever. In this he was not 
disappointed; and the operation, with some modi- 
fications, as that of tying the artery in two place**, 
and dividing in the intermediate space, is on^ of 
the most creditable in modern surgerj. In both 
these cases, the exti-cmities of the vessels become 
glued together, by the effusion of a portidii of the 
coagulabie pait of the blood, and are soon able to 
resist the pressure of the column against them. 

^ CHARLES. 

You apoke of the blood being earned tluough 
the boify principally by the action of the heart, 
but partly, also, by the elasticity, and the muscular 
power of tlie arteries*^ But then in tvhdt way does 
its return take place ? fijr the minute ramifications 
of the arteries, pjre mps to thto termination m 
veins, would« I should imagine, take away orient 
deal c|ftiio;|cTtginal impulse, and hardly admit of a 
sufficient <^aitti|^ remaining for the"" return of the 
blood. 

* A. 

^P&^t^arS’Conj^Ual sticSefessive columns of 
tha along^the arteries, those 
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are necessarily forced into the veina> as the only 
means of egressj l^ut then, as the blood comes so 
gradually into the latter, there is no pulsation in 
them, as in the arteries; and their coats are, more- 
over, much thinner and more distensible, and want 
the ftrmiiess arid elasticity which those of the arte- 
j'ies possess, and to which the pulse is in a great . 
degree owing. It has been thought, likmvise, that 
there is some degree of active force emplo}'ed by,, 
the coats of the vein itself, in passing on the blood, 
though this is less certain. Thei motion of the 
blood in the veins is, however, much more diffi- 
cultly effected than in the arteries; and hence 
nature has adopted j/arious devices for the pur- 
pose of increasing it. The branches of veins are, 
together, of greater diameter than the trunks, which 
is the reverse in the arteries; and hence the blood 
will flow to the heart in a space gradually llfecoming,, , 
narrower, and have its rapidi^, therefore, pro^ 
gressively increased. Veins, likewise, have valves 
^ in various parts of the body, by 
any retrogression avoided,'^ and thei'^f^lhe 
ground which has been got irimritained : they arey 
more numerous than arteri^^^ and^ have frequehrt^ 
communications v^ith each toth^^ ih ^very ; 

their course > And they are so di^^p^sed 
mu^Ie§, aa to receive a certain prop&ll^rih Jronx^ 
' thehvaction. 

A ' ' 
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CHARLES. 

The cirdumstatices which yon have now men* 
. tioned, relative to the veins in addition to those 
which you stated on the mechanism of the heart 
’* seem to make the proofs of the circulation exceed- 
ingly conclusive. 


DR. A. 

The Course of the circulation is likewise proved 
by the transfusion jof blood fiom one animal tc 
another, which has been ejected by fixing a tube 
to the artery of one, and connecting it with the vein 
of another. In this case, if another vein is opened 
ill the animal which receives the blood, so as tc 
make room for the admission of the fresh blood, 
an entire diange in the mass may be effected. 

SOPHIA. 

^ And cnuld this extraordinary operation be pei^ 
formed with safety to the animal ^ 

JXStm A. ^ 

, M«ay of the early experiinents on this stibjeci 
* wi^etinMicoesaliil; but it has' been discovered by 
^'^nodem that transfusion can only be 

j^ractised wi A qb&ty Som raie animal to another of 
'^^the shine spe^s. The utility of a process of this 
kind mnirei^i^ertt) greater experience to aacer- 
tain obtained <vi tbe sul^ect. 
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SOPHIA. 

. It would appear, then, that this practice might be 
employed to communicate the exuberant health of 
one animal to another ; though it would rather be 
at a dear rote^ as the animal which parted with its 
blood, must be as much injured, as the other would 
be invigorated. 

OK. A. 

This does not follow ; for a healthy animal can 
pait with a good deal of blood without iigury. — In 
gieat depletion from loss of blood, dogs have been 
very speeddy restored by transfusing into them the 
blood of other dogs ; and one case has occuired in 
the human subject, in which the Injection, by a 
syringe, of blood from the vein of a healthy person, 
immediately on its reception into a basin, was at- 
tended with consideiable temporaiy odvantoge.— - 
The microscope has been employed to observe the 
circulation in particular parts of some animals, 
which have considerable clearness of skin, as the 
web of the Irog's^ot; and I expect that you wijl 
be able to witness this interesting j^enomenon, by 
inspecting^ in my microscope, die foot of a little 
prisoner Utat 1 have obtained for the purpose. 11 
one of yon will hold it, 1 shall place the web in 
the Held of the miero^eope; and oihftl^|dsimg the , 
instrument to your eye^ yjOn vSill obn^l^ the mr- 
culadon dhtbicdy 
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hakeYet. 

It is very distinct, and rapid, and the globules 
of the blood are perfectly apparent ; but It ib diffi- 
cult to make out the direction in whicli they move- 


DE. A. 

A very practised eye k required for observations 
of tbk kind, — ^The circumstances which have been 
mentioned as favouring the motion 0# the blood in 
the veins, have, by many, been regarded as insuf- 
ficient for the purpose ; and some experiments liave 
lately been made, from which it is inferred, that 
diirhig inspiration, when air is admitted into the 
lungs, the fluids communicating with its ve«5sels 
will press into them from the vacuum made by 
their distension ; and hence it is concluded, that the 
rush which must take place to all parts oi the 
venous system, in order to supply the vaciunn in 
consequence of atmospheric pres‘'iirc on the sur- 
face of the body, must materially tend to suppoit 
the motion of the venous blood. The same pi in- 
ciple is applied to the motion of the chyle in the 
lym{]^atic system, in consequence of the connec- 
tion of the thoracic duct with the vein into which 
the chyle is pou|!ed. 

ST 

. 1 * HABRtBl'. 

Ydu'nmtioned that only the coloured part of 
th, bla<^ returns the veins: — what becomes of • 
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the part which is \^ithout the ted globules, or it 
colouiless f 


DR. A. 

A part of it retqnis by tninuter veins, which re- 
fuse eutmiice except to the colburlosspotUon of the 
* blood ; and these soon unite with the largci ones 
Another pait is earned to various glands, oo* is 
otherwise employed, either in affoiding materiaN 
for pi odacing various secretions or in auppoi ting, or 
regenerating the different ports 9f the b^y ; while 
anothei is thrown by open-mouthed Vessels, « ithei 
into the various cavities of the body, when moisture 
IS required, or to tlie surface, to be cartied off by 
perspiration; and you will rccdleCt what X 
marked on the subject of secretion, and the 
of the absorbents, that a certain balance is kept up 
between the process which forms, supports^ Or re- 
new-*, and that which carries off, so os to preserve 
the body in a state of health and fitne^ for its 
rious functions.— The circulation of a nutritive finid 
through a heart and blood-vessels, is the mode by 
which most animals have their vital fonctioOs car- 
ried, on j but there mai^r varieties in the me* " 
thod by Which this operation accomplished, 
depending on the peculiar nature 
and the medium which it inhabits* in 
mist animals possesses «nd 

appearance by whfch and 
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wch are therefore called red-Mooded animals, and 
consist of the mammalia, birds, the amphibia, and 
fishes { but there are others of a lover description, 
as the nfollttsca, insects, and worms,^ in vhich the 
blood is colourless ; and suifo animals are therefore 
called v^ite-bloodedi In most of them the circu* 
lating system is very obscure, and but little known. 
Thored-blooded animals are divided into the voam- 
blooded and cold^doodtd, according as their temper* ' 
nture is uniformly much above that of the atmo- 
sphere it fidlovs that of the medium in which 
the anintals may live, as air or watei. The mam- 
malia and birds are among the first description; 
for whatever the temperature of the air may be in 
which they live, their bodies uniformly maintain 
the siune sjnndard Amphibious aninuds and fish 
ate aatobg the second. Now we shall find that 
the respiration of aniibals bias a ^eat deal to do 
with the producdon of anhnal beat, and that, when 
from any circnnistances the respiration is liable to 
be intemqited as in the amphibious mtimals^ na- 
ture obviate^ by a pettul'a!" structure, the neces- 
ai^jr for the Uktod passing throng the lungs, as in 
the i^iiitlbnalli^^abd birds, thou^ at thaexpence of 
that prodttetfod of heat which so characteristic 
of the twh fonnet classes.’^ '^is is done by iheans 
• ijlt what we tneSf tali^^'a sis^ heatt ; for the blood, 
received frotii^the veins into the auricle and 
instead of passing thrt]agb the lun^ as 
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in the breathing and warm-blooded animals^ goes 
off In a vessel vdiioh divides into two branches, one 
of which supplies the body generall^and another 
is diffiised over die lungs, to carry back a certain 
portion only of that influence, which the lungs are 
intended to supply. 

HARRIET. 

Then the completeness of the exposure of .the 
blood to the influence of the lungs, is the gre^ 
ground of distinction betneen those aidmals ? 

DR. A. 

Certainly. 

Harriet. 

But there must be a considerable difference be- 
tween the nature of such animals, since the one set 
of diem can live so much without air, while the 
other would be suffocated by ita *«■ 

but a very short time. 

DR. A, 

The difference is considerable^ for there is a 
duluess and want of vigour and vivacity in the 
cold-blooded anhnals, which seems to be con- 
nected vntb -thar conformatien, and with die^wtoit 
of the vivii^fing influence of ^ them. 

There is Ifltewise a rerasrlcabht’ teshulty lifo^ 
and a power df etm^actkiin^^tSl^ flimsies very 
long lifo hst ceas^^ci^ have, men* 
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tioned a remarkable instance in the heait of the 
frog. 

* CHARLES 

1 have heard of some defects in the circulation 
through the human heait> which evinced themselves 
in some peculiar appearances of body. 

DR. A. 

The heart k subject to many diseases ; to in- 
creased magnitude ; to want of power ; to obstruc- 
tion in the passages hom one part to another , 
* tp imperfection in the valvular structure, or in 
the structure of the vessels themselves, .all which 
produce symptoms more or less well marked, 
and ofreti of a dangerous and alarming desciiption. 
'jBut there is one imperfection, which is that, pei- 
haps, of wlncli you raaj have heaid, which a- 
Similates the heart to that of the amphibiou«. 
animals it is when there is a communication 
between the ventHoles which allows a pan of the 
blood to esci^ info the cncuLation, without pav- 
i)g through the lt»igs.ir In this case, the colour 
of ^e skin is purple, and the unfortunate person 
io snhjoot to vaiious distressing symptoms, and 
has B defect of genetid energy. — I may re- 
'^metk, |hat animals lielbie birth, have a commu- 
nication telweeU the ventricles, which is necessaiy 
'on aewunt of thetr'lQngs 'not anting at that tim' 
After wth, when’’^he animal breathes, this com- 
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mtinication becomes unnecessary, and closes. It 
when it does not close, that the circumstances 
which I ha\e just mentioned occur. 

CHARLES. 

You have explained to us very distinctly the 
peculiarities of the circuLition in amphibious am- 
inaK, which seem to be in a certain degree inde- 
pendent of respiration ; but how is it with the 
other order of cold-blooiletl animals having red 
blood, ; for in tliem there must be a provi- 
sion for doing Svithoiit respiration entirely, sinc<" 
they live wholly in water ? 

DR. 

They have not lungs, and they do not live in 
air ; but they dwi'll in an element which is charged 
with air,*' and luive an apparatus for availing them- 
oclvcs of it without respiration ; for tlicir beaits 
aie single, receiving in their auricle the blood from 
the veins, passing it on to the ventricle, and the 
ventricle into the great aiteiy. Then, however, 
the blood, instead of going on to the general cii- 
culation, passes through *the g%U% which are 
composed of a delicate membrane, very widely 
expanded, and admitting of a* very minute division 
of vessels Over its surface. The blood^ ^ these 
minute vessels, is exposed to the ^ir cont^ed in 
the water, and hence has the necc^ry salutary 
change prodneed upon it U toitoisr in )ai truntf* 
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which, like the aorta in the mammalia, carries it 
into the various parts of the body. 

The next subject of our msideration is ke- 
spiiiATiON, or that particular function which ti*eats 
of the changes which the blood undergoes in the 
lungs. This will form the employment of our 
next meeting ; but before I take leave of circu- 
luvion, it IS necessary to notice a singular appro- 
priaUon which nature has made of some of the 
vein's of tlu' abdomen. 'Fhosc which bring the 
blood batk iiorn tlje stomacii, the spleen, the 
sweetbi^ad, dn init^^Unes, and omentum, instead 
of joining th(* large vein (the \ena cava\ and 
transmitting then contents by this channel im- 
mediaUly into the nirht side of the heart, unite 
m one t»nnk, whuh di\idfs into \auous lamifi- 
cations in the livci, and thus imitates in some 
measure die distribution ol an aitci}. The blood 
is brought back by \<*ins, w'hich join tJie \ena cavti 
and thus it goes on to the heail, a- il might ha\t‘ 
been expected to (lo, liom tlu* grncial analogy 
the circulation, without tlic mtermediuin ol cii- 
culation through the liver. Tlie route wluVh tin 
abdominal blood thus takes, is connected with the 
process of secreting the bile from that organ. 
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DR. A. 

In framing the organs, of re^j)iration in the higliev 
orders of animals, nature nas had two great ob- 
jeeb in view ; the one, tliat of forming the voice ; 
the other, lliat of completing, as I have already 
«>tated to be iieccssarj, the changes which arc 
requbite for j^laptiiig the blood to the functions 
w'hich it is iiiunded to perforin in the animal 
economy. 

Tlie organs oi respiration, properly so called, 
consist ot the laji\n\, the trachea, or windpipe, 
md the iiN(.s. Ilie larynx i^ the projecting 
part wliuh you can see and feci at the upper part 
oi the tliroat. It is the commencement of the 
windpi])e, and is the organ in which Uie voice 
js formed. The windpipe is the tube which is con- 
nected with this, and is divided first into two^ and 
then into smaller branches, called bronehim, which 
at last terminate in small cells, that form the 
minute structure of the lungs. 
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, CUAHLES. 

Tliese organs may therefore be considered 
nothing more than subservient., or preparatory, to 
the more immediate runctioiis of respiration. 


OR. A. 

Nothing more ; and they are to a certain degree 
passive,* as is indeed the whole substance of tlit 
lungs; but there arc other parts \%hich are ne- 
cessary for carrying on the mechanical process of 
admitting and ejecting the air trom the lungs, 
and these in man and quadrupeds are princi- 
pally a very large and strong muscle called tlie 
diaphragm, winch I have already mentioned to 
you, as separating the abdomen from the thorax : 
and various small muscles which lie between the 
ribs, 

SOPHIA. 

I do not understand what you mean when you 
say that the windpipe and lungs are passive or- 
gans ; they surely are actively employe d both in 
receiving air into th ii, and in forcing it out. 

J f nR* Aa 

y f 

Ko thap the barrel of aa air-pump is ait 
active organ in workitig it» or tlie cylinder of a 
C({DHaoo pump 'in ei^vadng the water. When you 
woxlc* a pump, you elevate a piston, which would 

j|^ q Vacuum but for the air or water'which 
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rushes in to supply it. On depressing the piston, 
you force out the air or water, juid thus prepare 
for a lepetilion of the process. The lungs accu- 
rately fill every unoccupied part of the chest ; anil 
it is by diminishing the cavity which contains 
them, that the air with which tliey are filled is 
foiced out. 


HARRIET. 

Is there any particular advantage gained, by 
not employing muscular conti action in the lungs 
themselves, to force out the air from them ? 


nn. A. 

In respiration, it is necessary that the blood 
should be exposed extensively/ and in the most 
divided state possible, to the influence of the an, 
which renders a secure position necessary, and 
precludes the firm structure of strong muscles. — 
llie mechanism employed in dilatation and expan- 
sion is exceedingly simple; for the contraction of 
the diaphragm forces down the abdominal viscera, 
and thus cnlai’ges the cavity of the chest doivn- 
wards, while the action of the muscles between 
the ribs raises up the latter, and produce^ an ex- 
pansion in another direction. The necessary ef- 
fect of this increase of size is, tjjat^the air' tushes 
in to the windpipe, to supply the void which" would 
otherwise occur; and when the diaphragm and 

vot. if. N 
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intercostal muscles cease to act, and become re« 
laxed, the elasticity of the cartUaginous parts of 
the chest, but more particularly the* tendency of 
the muscles of the abdomen to recover themselves, 
after being pressed down by the contraction of the 
diaphragm, have the effect of diminishing the ca- 
pacity of the chest, and of thus forcing out the 
air from the lungs, which has been received by 
inspiration* , The alteniate dilatation and con- 
traction of the chest which thus takes place, 
constitutes the act of i'espiration, which, as 1 
* mentioned to you some time since, is of a mixed 
nature, being partly dependent on the will, and 
partly independent of it. 


HARRIET. 

We certainly have the power of regulating our 
breathing when we exercise sufficient attention ; 
but the necessity of carrying on the alternation 
seems to be quite incontrollable. 


It is fortunate that it is so, for we shouM be but 
bad of the continual wants of the system; ' 
and ■ riUttiiie for our health, by 

giving sq|focation to ensure a constant 

snj>ply of air; arid feelings of hunger and thirst 
tQ fofiis f^ arid drink, — The Uiyns: 

' "“Ijp of a cdri»4^able rimriber of cartilages 
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or gristles united together, forming an invgulai 
»orl of tube, open at both ends, and capable, by 
means of the numerous muscles w Inch it possesses, 
of those minute varieties of contraction, or enlarge- 
ment, which arc iieccsssary for producing the di- 
versified modulations of sound oi‘ which it is capa- 
ble. It is fixed as *i sort of capital on tlu 
which is composed of nunterous car- 
tilaginous rings, which are incomplete for about a 
quarter of an inch at their hinder pail. 
interval, as well as that which is between tlw* 
rings, is filled up, partly by transverse and longi- 
tudinal muscular fibres, and paitly by a firm and 
ligamentous cellular membrane; and the interioi 
of the whole is covered with a soft mneou^ lining, 
which secretes a fluid intended to keep it con* 
tiniially moist. The cartilaginous rings contiuiK^ 
for some time after the division of tlie tiachea, 
but at lengtli disappear in the s^ubstance of the 
lungs. 

The LUNGS themselves are of a light, spongy, 
but tenacious texture, one in each cavity of the 
chest, capable of swimming in vrater, separable into 
subdivisions called lobes, and tovered with a mem- 
brane called theqjlfwa^ whicli doubles back, and 
lines the cavities of the chest, just as the peri- 
toneum does the cavity of the abdomen, lung<? 
are very largely supplietl With blood-vessels, of 
vdiich some appear lo be destined fdr the nourish- 
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iTient of the organ; but by far the principal part 
convey the blood from the right side of the heart, 
it. order that it may, after 'ninute division, and 
diffusion over the air-cells, be exposed to the 
induence of the external air, and be carried back 
to the heart in a proper state for nourishing thi 
body. ‘ 

CIJARLES. 

The secietion which you mention as covering 
the interior of the windpipe is, I suppose, affected 
during a cold, or any other disease of this pas- 
sage. 

DR. A. 

A common cold pioduces a slight inflammation 
of the passage, and is attended at first witli a 
diminished secretion; but is carried off by an 
increase of il, which is a very dirdiiiary mode 
adopted by nature for removing the inflammation 
of passages. When the inflammation goes on to 
a mnchjjpreater extent, it produces the formidable 
disease of croup/" whieh is occasionally attended 
with the formation df a ne^ membrane in the 
windp'pe^ from pouring out of coagulable 
matter into as aii effect of severe inflammation. 

’ $on)fetim& th^lal^te itself is»the principal seat of 
infldmmaiioa, ‘ and nhe symptoms are then, as 
as in the former case, of the most severe 
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HAItRIBT. 

Consumption! I presume! is something nioie 
than a severe cold; for I have often been sur- 
prised to find! that some people lecover from 
severe and frequent colds i^ithout inurli difficulty: 
and yet others become consumptive, and are tai- 
ried off at longer or shoi ter intervals ; winch inakt - 
me think there must be some diflereiice in iLitiue 
between a cold, however severe it may be, ind 
consumption* 

DIU A. 

You are quite right ; there is aft important 
difference ; for colds, however severe, only for the 
most part excite the tendency to consumption, 
which already exists in the habit. Consumjition 
consists in an ulceration of a part of the lungs : 
and this process most generally occurs in a soit oi 
small scrophulous tumors, called tubercles, which 
may long exist and be harmless; but which, when 
inflamed by colds, ulcerate, produce a hectii 
fever, a loss of flesh and strength, and all those 
symptoms' which occur m that serious malady. 
J^metimes a blood-vessel gives way, and if the* 
wound does not thoroughly heal, an ulcer ia pro- 
duced in consequence ; m)d <foinetimes aa abscess 
or vomica occurs, from the effect of inflammation, 
which ends in a similar wr“ 
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chajiij:s. 

The laxity of the substance of the lungs, and 
their l)cing in continual action, must encourage 
disease in them very much. 

DR, A. 

Unquestionably so; for the one facilitates the 
spreading of disease, while the other prevents the 
possibility of lying to, for the purpose of waiting 
for recovery. 

CHARLES. 

It seems, indeed, extraordinary, that the func- 
tions which you mention as bcung performed by 
the lungs on the blood, should go on during 
X severe slate of disease In that organ. 

DH. A. 

They go on less perfectly, as is occasionally in- 
dicated by the livid appearance of the lips, coun- 
tenance, or extremities, and also by the hurry 
of the circulation ; tlic same quantity of blood 
having to pass through a less space, than when 
the lungs are healthy. — But it is time now to give 
you some account of the particular action which 
takes ^ace on the blood in the lungs, and to 
which all (lie other parts of this function are sub^ 
bervier^ijjif The bhod which passes from the right 
side ^jP^he heart into the lungs, is, as I have 
menifioned to you, of a dark or Hpdena red co- 
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lour. After circulating through the lungs, a 
becomes of a florid red, and has then been rendeic<l 
fit for nutrition, and for the other functions uliich 
It is intended by nature to exercise. In this pro- 
gression through the lungs, it has be en freely 
exposed to the air of the atmospheie, which is 
continually received and thrown oul,‘ by the alter- 
nate actions of inspiration and expiration. 

i 

HARRIOT. 

Then it may be supposed that the air of the at- 
mosphere is in some way changed by resphation, 
«‘ince it is by its agency that the nature of th» 
blood is altered in the lungs. 

DR. A. 

Atmospheric air, as you may recollect, is com^ 
posed of about 21 parts by measure of oxygen, or 
the pure respirable part; and 79 parts of a;;ote, oi ^ 
the unrespirable part, with a small portion, not 
exceeding 2 per cent, of carbonic ackl gas. 
When an animal is confined in a certain quantit j 
of atmospheric air, a part of the oxygen dis- 
appears, and an augmented cjuaiitity of carbonic 
acid gas is found to have been produced. 

CHARLES. 

This, then, I presume, arises from t.he carbon 
of the body uniting with the oxygen of tJie at- 
mospheric air, and forming caiiionic acid gas. 

' N 4 
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Certainly. 


DR. A. 


CHARLES. 

Bdt tben is the whole oxygen which the air 
contains in it, employed in the formation of the 
carbonic acid gas, which is found to exist in air 
that has been breathed ? 


DR. A. 

dark bjiood is exposed, out of the body, 
to die action of o:^gen gas, it becomes florid; 
aRd hence physiologists concluded, that a portion 
of it was absorbed by the blood, and produced 
this change. At the same time as it was found, 
that, carbonic acid gas was formed during re- 
spiration, it was Considered as likely, that a 
portion of the Oxygen was employed In uniting 
with the farbon of the blood, and thus forming 
jcarbrnflC tlctd gas, which, you know, is plentifully 
produced duribgrespirtipon in crowded assemblies. 
Ihe process t^peared to be therefore a compound 
one f bat sonf^ ^endsts of great accuracy made it 
eiRt^n^yj^ that the whoie of the 

oxygen which gtmospheric air lost hr re- 
eplraticm, was imil^ed in flie formation of the 
^^jpnic atdd'g^ethitdi produced duritg that 
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SOPHU. 

^ But how is it possible to conduct such experi* 
ments with accuracy ? Is an animal confined hi 
a certain known portion of nir^ and the nature oi 
it examined after respiration ? 


nil. A. 

Assuredly. If a small animal, as a guinea-pig. 
is placed in a proper apparatus, in a certain quan- 
tity of atmospheric air, the weight of the air, and 
its precise nature, may be accurately deternnued 
after the experiment. — Now it would appear, lioni 
the resultsofsome late experiments of Di*. Edward*- 
that a greater proportion of oxygen disappears, than 
is necessary to form the carbonic acid generated : 
and that the original supposition is, therefore, the 
more correct one ; namely, that the disappearanct* 
of oxygen h> occasioned, in part, from its being 
employed in the formation ot* carbonic acid gas, 
by uniting during respiration with the carbon oi 
the blood ; but that it arises in some degree, like- 
wise, Yrom its absorption by the mass of blood, in 
order to produce further, though unknown effects, 
in the animal economy. 

CHARLES. 

In the production of carbonic acid gas in the 
lungs, is the carbon brought to tlie lungs in the 
veins, so as to be ready for uniting with the 
‘ ‘ N 5 
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oxygen afforded by the air, and thus for immedi- 
ately forming caibonic acid gas ? 

i)R. A. 

This is a point which has occasioned much 
controversy, and which it is \ery difficult to ascer- 
tain, It was supposed by some, that the veins 
came to the lungs charged with carbon, in a very 
divided siate; and diat this carbon was paited 
with, when oxygen was received into them by 
I cspiration, and thus formed carbonic acid gas in 
the w>ay which you suggest But then it has been 
found, that caibonic atid gas is emitted fiom the 
lungs, even if oxygen is not received into them; as 
m cases where animals have been made to respirt 
oome other gases, as hjdrogcn, when there was no 
oxygen contained in it, 

SOFIIIA. 

I cannot conceive how experiments of this kind 
tan be made, without the destruction of tlie animal; 
or e\eii at all, since the proper function of I’espi- 
lation reciuires that oxygen should be a part of the 
air inspired, 

im. A. 

Some of the lower a:tumals, as frogs and snails, 
are less dependent on the immediate supply of 
pure air ,to the lungs, than the mammalia and 
birdij; hencfv for a short time, experiments 
can beflbde on, them, without difficulty or incon- 
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venience. Kittens, too, for a minutes after 
birth, before they have been accustomed to tlu‘ 
action of atmospheric air, can respire pure hy- 
drogen ; and, in all these cases, carbonic acid gas 
was found to be produced without the contact of 
oxygen in the lungs; and it is, therefore, clear, 
that it must have been extricated from the bloofl. 
This circumstance, and some others, render it pro- 
bable that the oxygen is absorbed by the lungs, and 
unites in the course of the circulation with carbon, 
forming carbonic acid gas. — There is a singidar 
circumstance attending the action of the lungi. in 
the production of carbonic acid gas, w Jiicli is, that 
the quantity vanes, not only in different iiidividuaK, 
but in the same individual at different times of the 
day, and at dilferent periods of life. I he greatest 
production, l.I per cent. JJr. Proiit found, is 
between 1 1 in the forenoon and one in the after- 
noon; and the smallest, 3.3 per cent, between 
half-past eiglit in the evening and half-past lhrc<‘ 
in the morning ; the quantity gradually rising to 
the highest production, and . descending to tJie 
lowest. In summer, and in' young animaU, the 
quantity of carbonic acid gas formed, is less than 
in winter, and in the'* ol^en There has likewise 
been found to be a singuJar difference in the 
quantity of oxygen which is absorbed at different 
times, beyond that which is accounted for by the 
carbonic acid gas fortaed. „ 

r N 6 . ^ 
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' CHARLES* 

You have spoken, hitherto, only of the changes 
which oxygen gas undergoes in respivation. Does 
the other component part of atmospheric air, the 
azotic gas, undergo no alteration during this 
process ? Or are we to regard it merely as. a di- 
luent for the oxygen ? 

DK. A. 

Experiments on the subject of respiration are 
of so nice a desoription, and arc liable to so many 
causes of inaccuracy, that it is not to be wondered, 
that many difficulties arise in the prosecution ot 
iuquirie's into its precise nature. It was geneially 
considered that the azote remained Unaffected by 
icspirationt but some late observations have shown, 
tliat there is sometimes a disappearance, and oc- 
casionally even a slight increase in the quantity 
of azote existing in air after expiration. It seems 
exceedbgiy likely, as I remarked on the subject 
of digestion, that considering the quantity of azote 
which composes the flesh of animaU, and its 
absence, or paucity, m a considerable portion 
of the food which they employ, there should be 
some mettoa of compensating for the want of 
supply of this important^substance by food, in its 
power of absorption ftom the apnosphere. There 
would appear, therefore, to be a power of ex- 
Imlingj, orpbsorbing azote, according to the exi- 

apneipfitt thu fivslptn. 
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HARRIET. 

Strangling, and exposure to impure air, operate, 
I suppose, by cutting off a supply of oxygen from 
the lungs. 

DR. A. 

When air is deprived of its oxygen, it ceases 
to be fit for supporting combustion and animal 
life; but then there is something positively inju- 
rious in the effect of carbonic acid gas, which does 
not attach to azote ; and if the carbonic acid gas 
pi'oduced by respiration, is removed from the air 
in which an animal is confined, it will live longer 
than if tliis were not the case. A fermenting vat, 
which, you know, is full of carbonic acid gas, pro- 
duces, almost instantaneously, a deleterious in- 
fluence on the body, which would very soon 
terminate in death. Hanging and drowning both 
ojierate by withdrawing the necessary supply of 
atmospheric air, and tlierefore of oxygen, firom the 
lungs; and the means of resusettation consist, in a 
most important degree, in restoring it. 

HARRIET. 

But is there not, in drowning, a large quantity 
of water swallowed, which is to be got quit of 
before the patient has any chance of recovery? 

DU. A. 

This is only a vulgar idea ; and instead of turn*^' 
ing an unfortunate person Upside dowx% witli a 
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view that the water supposed to be taken in may 
be dislodged, we ought sedulously to aim at re- 
storing the circulation, by lU “ins of warmth and 
friction ; and the respiration, b}' means of inflation 
of the Ij^ngs, and imitation of the action of respi- 
ration* — The lungs not only require a regular 
supply of pure air, in order to caiTy on their func- 
tions, but also air of a certain density ; and hence, 
in ascending very high mountains, a grt at inapti- 
tude for bodily exertion, and incjqiiuuli for con- 
tinuing it long, has btjea experienced in a \ery 
remarkable manner. It is to be remaiked, how- 
evel*, that travellers have differed a good deal in 
the description of their sensations in verj delated 
regions; and that some do not appear to have 
suffered more inconvenience, tlian might be sup- 
posed to be produced by the fatigue of such a 
journey. 

CHARLES. 

It seems to be very singular, that air should 
have the power of being taken up by the blootl, 
tlirough the blood-'* ^ssels in which it circulates 
in the lungs; for it does not apjicar that there can 
be any actual cdnlact between the air and the 
blood* 

I DU. A. 

Dr* Priestley found that such is the power of 
afysorpti0ii» that if venous blood is exposed to 
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oxygen contained in a moistened bladder, it would 
become of a florid red, notwithstanding the inter- 
vention of the bladder. -Now, in the lungs, the 
blood-vessels are divided vciy minutely over the 
air-cells, which freely receive the air, and com- 
municate with each other ; but the coats of these 
cells arc very much thinner than the bladder em- 
ployed in the experiments whicli I have now 
mentioned; and there is, therefore, no difficulty 
in the transmission of the influence of air through 
them. 

CHARLES. 

When we consider the frequency of respiration, 
and the large dimensions ol* the chest, the quantity 
of air necessaiy for the respiration of a single 
person must be very considerable. Have any 
calculations been made upon this subject ? 


HR* A. 

The quantity of air taken in at each inspiration, 
as well as the amount of wliat the lungs are ca- 
pable of containing, are subjects on which phy- 
siologists have differed exceedingly. It would 
:^penr, however, tliat about forty cubic inches of 
air are taken in at an ordinary inspiration ; and 
tlial the whole lungs, in their ordinary state of‘ 
expansion after respiration, contain about 330 
cubic inches. An eighth part Is therefore changed 
by each respiration ; and if i^uppose that wer 
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respire sixteen tipies in a minute, ^ve shall respire, 
during the twenty^fbur hours, 921,600cubic inches, 
or 591 cubic feet of ain 

SOPUlAp 

WTiat an immense consumption of oxygen is 
thus produced. It seems to be very extraordinary, 
indeed, that considering the prodigious demands 
on the attnosphete,of the many millions of human 
beings wUp^jinfaabit the earth, and of the countless 
numbers of animals whicli require a constant supply 
of air, the oxygen should not be consumed, and 
the air itself contaminated. 


DR. A. 

Nature has wisely provided for the removal ol 
what is no\ious, from air, «nd tor the supply of 
wdiat is wholesome. Carbonic acid gas, which ani^ 
mals so copiously ' j)rotIuce in respiration, and 
which likewise originates from fermentation and 
combustion, is capable of being absorbed by watei 
It is also, in certain cli'rum stances, taken in by 
plants, of which it forms a part of the food, so 
that there is no danger of any deleterious super- 
abundance. » Plants, likewise, when ex{)osed to 
the rays of the sun, exhale oxygen, which seems 
to arise from die decomposition of the absorbed 
carbonic acid the carbon forming a part ol 
the s^tance of the plant, and the oxygen which 
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had been united with it> beihg thrown out. 
From these causes> and from the various de- 
compositions and new combinations which the 
decay of ammal and vegetable bodies, apd the 
formation of new ones, aiibrd ; from the immense 
extent and volume of the atmosphere; the con- 
nection which all the parts of it have with each 
other; and the ready and continual mixture of 
its difier£nt parts by means of winds, and the va- 
rious currents which heat and cold produce; this 
immensity of fluid with which the earth is in every 
direction surrounded, always preserves the same 
proportion of its component parts, whether in 
cities, or in the country; on hills or in valleys; 
at sea, or on land. 

KABBIXT. 

Is it then merely a vulgar error that there is 
bad and good air? It would be very difficult to 
convince mankind of diis bmng ffie case. 

A 

I have not said that there i|S no aich thing as 
good and bad (dr; -qt that there is no diflercnce 
between the air oS: one place and fli^ther. Z have 
only sta^ th^' no diffistepm has-been finmd in 
the proportions bf die component pi^ pf^ejboio- 
lipheric air, under any vmleQr c$ 
ingi of course, to imply, ^ 
hy chemical an^ysis. 
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SOPHIA. 

But would you take, for exi^mples most strongly 
opposed to each other, the confined fiir of a crowded 
latie, ;Or court, loade<l with unpleasant and in- 
jurious exhalations, and the fresh breezes of the 
ocean, diffusing health and cheerfulness on every 
side? 

DU. A. ^ * 

Cenainly, provided you allow a free cbminimi- 
cation with the atmospl|ere ; for the respiration of 
many persons in a certain limited space, will make 
a considerable difference in. the state of the air of 
a room for the time. It is, however, to be re- 
marked, that chemistry can only go sbortway in 
ascertaining Very palpable, though minute^ differ^ 
encesiurtbe nature of airv > Odours, for instance, 
cannot be detected by chemical means ; and the 
effluvia which emanate from the body, and give 
rise to various diseases, elude all our endeavours 
to ascertain their physical nature. When such is 
the case, there Ss no \^nder that the nice differ- 
ences^ between the air «)f towns, and the country, 
shouILd only be .discoverable by their effects on the 
human bddyr arej however, well 

marked, and influence exercised 

hy resphafion^ econ<>my, is pretty 

a|iimals ;^hut the mode in 
iti- principally applies to 
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man and quadrupeds, in whom the whole plan oi 
the respiratory organs is exceedingly similar. In 
birds, there ai-e some important inodifiratioiis ; in 
fish, as I have already mentioned, the air is ap- 
plied to the blood in the gills, through the inediuni 
of the water ; ih amplubions animhis, the principal 
characteristic is, that the whole of the blood does 
not circulate through the lungs, and that they can 
bear the inte]:ruption of respiiatioii without injur )^ ; 
but in the insect tribe, and most of the interior 
animals, there are various tubes, or trachem, which 
ramify over the body, and open externally by 
apertures, or stigmata, as they are called, by means 
of which the air is received and expelled : so that 
we witness, over the whole creation, an admirable 
accordance in the modes which nature has thought 
fit to adopt, for the support of life and health* — I 
shall now, however, mention to you the principal 
peculiarities of the function of respiration in birds, 
which are exceedingly curious. In this class of 
animals, the lungs are small, flattened, and lie close 
to the bre^t; but there is no, diaphragm, and 
there is no alternate expansion and contraction of 
the lungs, as in tlie manimalia* 

cuARixs* 

But how, then, does the air find its way into the 
chest? For the action of.the dicfcphragm, and the 
other muscles connected with re^phation in the 
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mammalia tribe, by their expansion, produce a 
rush of air into the lungs, in order to avoid a 
vacuum being formed betuccu the lungs and the 
chest ; and by their contraction, force the air out. 

dr: a. 

In birds, the lungs have several openings, by 
means of which they communicate with various 
air-bags or cells, which fill the whole of the cavity 
of the body from the neck downwards. Now these 
cells are filled by means of air, which passes into, 
and out of them, through the lungs, and which, in 
its passage, produces those changes on the blood 
circulating through the lungs, which arc necessary 
for the, health of the animal. 

CHARI £S. 

But this seems to be rather a complex sort ot 
arrangement* Is there any reason why the same 
means should not have been adopted in them, as 
in the mammalia, for effecting the purposes of 
respiration? 

DR* A. 

* 

You may r^ollect, tlmt when I gave you an 
{Kicotiiit the bones, ^ 1 that the bones 

of birds wei^ hdllaw, hr die purpose of admitting 
air into thetn ttr jugh the lungs, and therefore for 
Ilit^nUhitig d)e specific* gravity of the animal, and 
thus 'adapting it tha better for being sustained in 
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bO light a fluid as air. The same purpose is more 
effectually produced by means of the air-cells 
which I now mentioif to you. As these are hollow, 
and very eKpansible, shut up at one extremity, and 
only oi)en to the hiugb, it is clear that the animal, 
on acting with its muscles so as to elevate the breast 
and ribs, will produce a vacuum in these air-cells, 
which must be supplied by air which enters fi*oiu 
the lungs. A continual and regular supply ol air 
is therefore necessary to supply the wants of the 
system, as far as the lungs are concemed^ but more 
Ol less is taken in, just as the animal has a wish 
to iiiciease or dimmish its specific gravity, in order 
to fit it, not only for walking on the earth, but soar- 
ing in the lieaveiis, in all the varieties of density 
of atmosphere, which a gi eater or sngiailcr proxi- 
mity to the eaith necessarily occasions. 

HARRIET. 

What a beautiful combination of office the lungs 
pf birds thus possess; but it is quite dear, from 
what you have now menlioned, that no sl/e oi 
sticngtb of 'wing could poise a teircstrial animal in 
air, unless there were the power of admitting air 
into the inmost recesses of bis body, as happens in 
birds. 

DR* A« 

Certainly; and therefore mnp are only to 
be regarded as one of the oi^an^ to which birds 
owe the faculty of flying; for to important part ol 
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this office is owing to the diminished specific 
gravity, produced by the introduction of air in the 
way which I have mentioned.* 

HARRIET. 

Then we may regard the body of birds as 
uniting a movable parachute, with a balloon; but 
in which the rec'eption, or escape pf gas, depend 
on the will of the animal. 

DR. A. 

The comparison is not altogetlier inappropriate ; 
and I may observe, that so careful has nature been, 
in giving full cJlect to this structure, that the cells 
extend even among the muscles of the body, 
where they arc parlicularly large in the soaring 
animals, as the eagle, hawk, stork, and lark. 

SOPHIA. 

I can readily now conceive, how the pouncing • 
of birds from a great height is effected ; for th(; 
animal has the power, ^t any instant, of forcibly 
compressing its wholj body, and of thus giving 
itself a power of descent, which hardly any mus* 
cular effect could produce* 

OR. A. 

Certainly); aiul itt diving birds the same power 
.product die faculty of sudden descent in the 
water, which is so necessary to them. The bar- 
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rels of the quills in birds, too, nre hollow, and con- 
tain air ; and it is said, that it is in some measure 
owing to the power of diminishing or increasing 
the contained quantity, that the turkey, bullfiiicb, 
&c. are able to produce the quick and voluntary 
erection of their plumage. — In fish, I have already 
stated, tl)at the air is applied to the gills through 
the medium' of the water. The gills are covered 
with a large flap, or operculum, which is made up 
of arched bones, covered with mexubranc, and 
edged with a fringe which can be accurately 
applied to the part beneath, so as to shut up 
entirely the slit, or opening into the gills. When 
the animal breathes, that is, when it wishes water 
to be applied to tlie gills, it acts with the muscles 
of this flap so as to render it convex; tliis cannot 
be done, it is clear, without producing a vacuum 
under the flap ; and xis the animal is in water, 
and there is an opening in the mputh which com-> 
miinicates with the gillsf the Water rushes in 
among the gills, filling up the . space made by 
the changed form of the flap, and thus applying 
itself to the minute ramifications^ pf blpod-vesisels^ 
diffused over the gills. When the air contained 
in this water is no longer equi^^ to its purpose, the 
water passes away through the air^op^nin^ at the 
edge of the operculum, ivbich the" anitnaj has tlte 
power of making; and by a reped^oh of tjie pro- 
cess, a fresh supply of water is and the 

function of respiration .kept up* ' 
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CHARLI S. 

Then I suppose boiled, or distilled water, would 
not answer the purpose of supporting fish. 


DR. A. 

Unquestionably not;sthe animal would soon 
exhibit symptoms of uneasiness, unless the watei 
contained air ; and when a small pond is frozen 
over, the fish would die, by exclusion of air, 
unless an opening were made to admit a supply 
of this necessary article, llieic is, in fish, a part 
of stmoture somewhat analogous to the air-cells 
which I have just mentioned m birds, namely, the 
au-bladdtn oi hTiXiimmuig^bladdcis^ which are given 
to them, as to birds, foi die pin pose of increasing, 
<^r diminishing their buoyancy. These bladders 
are placed close to the back-bone ; they vary in 
siye, shape, ?in4 number; and are wanting, oi arc 
very smulU in such fish are geneially confinoil 
to the Ipwost depths. They lorm what is called 
the sound^of fish; 'i fiart which gourmands piize 
, Wheii the dir-bladder is vuptuied, the 
onimul lOdes power of raising itself, and lies on 
its bRcki^&oiU die additional weight given to that 
pujTt of the bOjiy, bjjf the removal of the aii. 

sopaiA. 

as fish^ in the way of birds, in 

matttier does ait get into these bladders ? 



nSSPIBATION. 


1289 


DR. A. 

There is a power of forioing, or secreting air, 
which is possessed by the vessels circulating in 
the membrane which composes them, and which 
is analogous to wliat is, in some cases, possessed 
by other organs, as the stomach. 

^ SOPHIA. 

But secretion must be a much slower process ot 
filling the bladder than that employed in birds, 
when it can be admitted or thrown out at plea* 
sure. 


DR. A. 

Unquestionably; but the air-bladder is ordi- 
narily full, and is then capable of being acted 
upon, and compressed, either by the abdominal 
muscles, or by a muscular structure peculiar fo 
this organ ; and thus the air condensed, pursuant 
tb the will of the atiimah and an alteration made 
in the specific gravity accordingly. In some fish 
there is a communication between thb bladder 
and the stomach, or gullet of the animal, and 
occasionally an appearance of vaivtilar structure, 
from which it has been inferred, that the air is 
capable of being forced out according to exi- 
gency. This, however, does eppi^lOr very 
likely ; for not only wopld the process pf restora- 
tion be necessary, which hardly be rapid 

VOT-lf. D ‘ 
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(plough for the demend ; but an escape of air 
in this yray has never been observed. 

CHARLES. 

Ha$ any examination been made into the nature 
of this air? 

DR. A. 

Most fish have a peculiar depth of water, at which 
they usually i-emain; and it is -a curious circuih- 
stance, butane which was satisfactoi ily made out 
by Biot, that the nature of the air contained in the 
air-cells, has been found to vary very much, accord^ 
ing to the depth which fish generally inhabit. 
Tliose which live in shallow water, have ajsote, with 
only a very small pioportion of oxygen. As the 
depth increase^*, so does the oxygen ; and after the 
depth of 150 feet, the average pioportion was as 
much as 70 per cent^wdiile the mean result afforded 
by fish caught at less depth, was only 29 per cent. 
Pike, carp, roaches, and peich, which are fresh 
water, and therefoie shallow- water fish, had only 
from S to 5 per cent 9 f oxygen, 

CHARLES. 

This singular difference would appear to indi* 
cate the greater purity of the air contained in deep 
wfiter, than in fhat near the surface. 

r * , DR. A. 

The suppositioti is a natural one ; but so &r is 
thjiij from being the case» that the difference pf 
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rity, it would appear^ is rather in favour of the air 
near the surface. 

SOPHIA. 

Jn what way can you collect the air from the air* 
bladders, so as to make it the subject of experiment? 

DU. A. 

^If the air-bladder be opened under an inverted 
receiver filled with water, the air will ascend into 
the receiver and displace the water, just as you have 
seen it do in the chemical experiments which 1 have 
shewn you; and then it becomes the subject of ex- 
periment ; like any other gas.— There is a curious 
mode of respiration employed by frogs, toads, cha* 
meleons, and some others of the amphibious tril^e, 
which is, that' the animal, instead of breathing 
through its mouths keeps its mouth shut, receives 
air through its nosd, and by means of the muscles 
of the jaws forces it into the lungs, from whiejb it is 
returned, through the nostrils; by the action of the 
muscles of the abdomen, there being no diaphragm. 
With this conformation, those animals would be 
'suffocated if their mouths wxre kept open^ 

The formation of tlm voice, I have stated to be 
one of the functions which nature has combined 
with respiration ; and it is very curious, that it is 
not more than fifty or sixty years since this waii the 
only, or principal use attributed to that fiinction, 
which, We have se^n, possesses sd mtich infiuence 
o 2 
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ill the animal economy* I have mentioned the 
laiynx to you, as forming the commencement ot 
the organs of respiration. The opening into this, 
irom above, is called the which is narrow, and 
of an oblong shape; and there is a little moveable 
cartilage l^ing over this opening, as a sort of defence 
to it, which is Icnown by the name of the epiglottis. 
Now it is by means of the air passing through the 
glottis, that the voice is formed; for as this admits 
of various degrees of contraction, it gives to the 
current of air passing through it from the lungs, as 
bellows, all the varieties of voice in different ani- 
mals possessing this structuie, and all the difierent 

modulations of sound in the same. 

* 

SOPHIA. 

^ But is the voice entiiely formed ‘in the larynx i* 
1 should have thought that the nose and mouth had 
much to do with it, in as &r as we owe our speech 
‘ to the tongue, and observe a great diilerence in thO 
tone of the voice, when diere is any defect in the 
mouth or nose, or ey,n in a common cold. 

PB. A. 

The vhrious^vides of the nose and moudt) give 
a sort of resonance to the voice, and contiibute to 
its force J^^’cleattiess; but this is after its fot* 
tnadonif^lfmmthi^iard to speech, this takes place 
iByj^fmg differe&t direeftons to the sound when 
the of the or the* rma 
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glottidis^ the chink of the glottis, as it is called, is 
regulated by ligaments at its sides, which aie 
directed, through the medium of minute muscular 
structure, by the will, so as to be more or less con- 
tracted, and to be made more or less tense, and 
therefore to be susceptible of vibrations of various 
frequency, by the passing of the air through the 
opening. How minute these alterations of ten- 
sion must be, may readily be imagined, from the 
easy mode in which tlie voice produces its nu- 
merous and rapid variations of note; and the coi« 
rect manner in which it effects the various mo- 
dnlations of sound, of which it is capable. This js 
the more extraordinary, when it is considered, that 
the curious structure now mentioned, is adapted to 
a small cleft, not quite an inch long, and not moie 
than two lines broad, which exhibits, to the eye ox 
the most practised dissector, no difference between 
the apparatus of the most refined voice, and that 
of the coarsest and least perfect one. 

Then we may consider speech as consisting of 
two parts ; voice or sound, which is fojrmed in the 
larynx ; and the * division^ olr modifications of 
sound, which are formed in the nmutb^. 

• \ H 

Vfl. A. , 

Certabily. The vaiioqs jnpdMcations of ifount) 
depend on the fdtmer; j$p^h en.the direction 
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given to the current of air in the mouthy by mean« 
•of the tongue and lips. 

CHARLES. 

But I think we possess a power of speaking 
while we inspire^ as well as expire. In this case, 
there cannot be a formation of the voice, previous 
to the formation of letters and words. 


DR. A. 

We can certainly exercise a sort of speech 
during inspiration, but that is only on inversion 
of the usual order of proceeding. The same ac- 
tion of the muscles of the glottis will produce 
sound, whether by means of air taken in or thrown 
out ; and if the air goes to the glottis in a par- 
ticular direction produced by the lips and tongue, 
as in the case which you mention, speech wilt be 
exercised, though much less perfectly and harmo- 
niously, and much less under the management of 
the wSU than in ordinary circuinstunces. 

* 

CHARLES. ^ 

t esan toaity conceive that this must be the case; 
but in^^tfae curious art of ventriloquism, it would 
appear, t^re :rMst be bome faculty appended 
to the cdRaiy 01^ by which language is formed ; 
for exJi^^ors in this lyay^ do not seem to use 
tltt||f^lps (ft tpngue, or appear to a bystander to 
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be saying any thing, at the time that they are ac-^ 
tively conversing in a feigned tone. 

nn. A. 

The mode in whicli ventriloquists perform 
their fisats, is but little known. Some have thought 
that they really had an accessory organ of speech, 
or a sort of double or tuple larynx, for which, 
however, there is no sort of evidence ; and others, 
that their operations were to be accounted for by 
the voice being directed to certain echoing parts 
of a roono, from whence it seemed to originate* 
But besides that, as you observe, they do not 
seem to us to employ tlie ordinary organs of 
speech, tlicy are capable of exhibiting their powers, t 
in any apartment which may be selected for thenif 
^It has been suggested, and witli much appearance 
of probability, that ventriloquism depends on a 
certain power possessed over the glottis and its 
membranes, connected, perhaps, with more than 
ordinary nicety of construction, by means of which 
power, not only the voice, but words can be 
formed in them. It certainly seems to be by that 
organ, that parrpts, jackdaws, and some othei 
birds, even linnets and nightingales, imitate human 
speech; and there is, therefore, a great presum^^on 
of the same agency, as for os ventril^uisl^^lAre 
concerned. 

HAREi:et, 

There must, faoweti'er, be a sped^.of 

^ A ' *■ * 

O ^ ^ *» 
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eB>^loy^ by the veotriloquist, in order to give an 
apparently di^feretit direction to his words, fioni 
v^at diey really have. 

l^iilS^ace of forpe wtU imply difference of dis> 
tance; and various little circumstances can be lea- 
dily employed, so as to assist the illusion of the 
hearer, by withdrawing his attention from the 
person of the ventiiloquist, 'and making the dif- 
ference of tone and of force, more easily apply 
to difference of persons, and difference of distance. 

HARRIET. 

Is diere any known instrument to whieh we can 
compare the voice ? 

DR. A. " 

It has been considered by Somc^ as most ana- 
logous to a wind, and by others, to a stringed 
instrument}' but the most perfect imitation, is 
that (ff the vtnc huniana pipe in Uie organ, in 
which' the tkAiAd is produced by the vibrations 
of an elaSdfe 'Imitated by a current of ur, 
wldf)^ it ecmtiotiiill^ adihi|s.and excludes. In 
hUman^ pipe resembles, 
can jud^ the mechanism 
etUployeH enid glmfe. Kiateeustein 

tvhlch iiHi« 

^ pariftiullfir scAfhds 
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SOPHIA. 

There mufit of course be considerable differences 
in the form of the larynx and glottis in different 
animals, from the organ which produces the roax- 
ing of the bull or lion, to that which giv4$ us the 
sweet and diversified melody pf the mgfatingale. 


DR. A. 

Very little is known concerning the precise mode 
in which the many varieties of sound are produced ; 
but the examination of the organ of voice in dif- 
ferent tribes of animals, exhibits certain variations 
of appearance, to which we may, without being 
able precisely to account for them, fairly refei 
some of the different phenomena of \oice. The 
apparent differences are, however, mostly m mag- 
nitude, and cannot, it is obvi6iis, infoiin us, why 
some animals neigh or bray, as the horse and a'>s ; 
why the dog barks ; the bull roars ; the cat mews 
or purs ; the sheep bleats ; or the frog croaks. 

The mammalia resemble each other in having 
the larynx and glottis at the upper part of the 
windpipe* In birds, there may be said to be two 
larynxes ; one near the mouth, the other just before 
the division of the windpipe into the brandies 
which enter the lungs. This latter is the glottis, 
the proper organ of voice ; and it is possessed of 
a great variety of minute structure, so 

as to a^mit of every add vibi^ 
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tion* The function of the superior larynx seems 
to be limited to the shutting up, more or less 
completely, of the upper optiiing into the trachea, 
by which means it assists the operations of the 
lower The power which birds have, as I 

have already noticed, of admitting a large quantity 
of air into their bodies, affords to them the means 
of keeping up *a much stronger, and more con- 
tinued current of air through the larynx, than any 
other animals can do; and gives them, ilicrefoie, 
a voluUie of voice, which is immensely great, com- 
pared with their small dimensions. 


SOPHIA. 

la th^re any reason for supposing any soil 
of natural language among brutes, for the purpose 
of their communicating with each other? 


na. A. 

1 thifik it exceedingly likely that they have the 
power of expressing any strong feeling, in a man- 
ner whidi may be sufficiently intelligible to each 
other ; fof mhn understand some of those 
natora} expressions. But there is an immeasurable 
distance t]beiween svdi natural and instinctive in- 
dications of ih^f wants, and the fkculty of speech 
which man pttsseSiltey ^and to which, he owes that 
most and dignified enjoyment^ of life, 

f^munication between mind 
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OF ANIMAl HEAT. 


DR. A* 

J HAVE already mentioned to you, that tlieic 
exists, in the animal kingdom, a difference between 
some of the classes, from the possession of waim 
or cold blood. This is connected, in a considei-* 
able degree, with the varieties which occur in 
the natuie of their respiration ; for where the 
circulation of tlic whole mass of blood is carried 
on through the lungs, as in man, most quadrupeds, 
and birds, the temperature is much higher than it 
is in the amphibia, fishes, and various other ani- 
mals, where theie are cither not lungs, or where 
the circulation through the lungs is incomplete* 

Is the difference of teto^ratUre considerable* 
then, between the cold and tlie wann^hlooded 
aniiAals ? 


A* 


Very considerable $ for while the coldblooded 


6 
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Animak generally pre^rire a temperattu^p of two 
^ or three d^ees only^ above that of the medium 
which they inhabit; the warm-blooded are not 
only at a degree of heat which is very seldom 
reached in the open air^ even in the warmer lati- 
tudes^ but have a power of preserving tliat heat, 
under any changes of external temperature which 
have been known to take place. 

HAEBIET. 

But would the temperature of the cold-blooded 
animals vary, with every change of temperature in 
the medium winch they inhabit? 

DR. A. 

Within certain degrees only. For instance, frogsi 
when kept for some time at a temperature of i 15^ 
were found to have the beat of their bodies raised 
only to about 80^« 

SOPHIA. 

Is the blood of all warm-blooded animals ol 
equal temperatuice? ^ 

^:pR.A. 

The hftmM body hip a temperature of about 
98^ ; most ^i»|drnpei3^ vOf about } 00^ ;<while birds 
are at orMS^i aod pigeons are 

e^en dwgener^lyi which 

temperattare but 

UtfitafcbVe tlm^Q^Nspiertewrhich they are bn* 
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mersed; while the whale tribe, on the oth^r hand, 
being warm-blooded, preserve, even in the polai 
seas, where the temperature is always near the 
freezing point, a heat very little different from that 
of tjuadrupeds. 

HAjaRIET. 

* It is a fortunate circumstance for animals, that, 
considering the great variety of temperature w hicli 
occurs in the course of the ^eai, they are able 
* to suit themselves so well to it ; but to man, who 
is so wandering a creature, and who, in his ardour 
for scientific enquiries, or commercial pursuits, 
visits every part of the globe, thjs faculty is of 
great importance. 

UR. A, 

Unquestionably | the most sultry of the 
torrid zone, or the greatest cold of the polar 
regions, may not only be his natural and usual 
temperature, but may be tliosc which, though 
a native of a very different region, he may bear 
with impunity. The heat in South Carolina, 
at Senegal, and on the banks of ih6 Oronq^o^ has 
been as high as 115^ in llie shade; while in Si- 
beria, in C^r^nlands and other of the high 
northern latHtides, eveh 'Eurqlieails 4iave beoii ^ 
able to 'Sustain a cold 'undor which menhtryiias 
frozen, which. yon may r(e^Hect does not occur 
till it is at 40^ below zero, pt 79^ bdow the freez- 
ing point* 



$02 


ASrjMAL HEAT. 


CHARLES. 

llien it appears^ that the human race is not 
only capable of inhabiting i^^gtons, in which the 
temperatu^f^ may vaiy to tlie extent of 155® 
(namely 115^ added to 40®) but the same indi- 
vidual may bear^ widi impunity^ variations to thjs 
extent* 

DR. A. 

Our adventurous countryiuon, under the com- 
mand of Captain Parry, used frequently to go, in , 
less than half a minute, that is, in the time 
merely necessary to open two doois, from a tempe- 
i*aturc of above 60® (which was readily and con- 
stantly kept up by means of stoves) to 40® below 0^, 
and without inconvenience, even though the 
moutli was not covered ; and ’it was observed bv 
them, that if the weather was calm, they expe- 
rienced less of the feeling of cold from so great a 
changei than to one of 0®, if there was considerable 
wind* 


CHARLES. 

This we continually observe in this country. 
But do animals l)e&. these changes^ of temperature 
as weU as kuftn? 

4i * > mil* A. 

AninutlfiHr^ unueb mon ctependebt on'exteriud 
drcuiil8tan«tp?and ibeir clodiiDg, in time,bec(«ne# 
changed ^ di^d^ince of climate to whic^ 


they 


$0 great is the cold 
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gions, that the white bear, UiDugh a natiye of the 
climate, finds it beyond iiis tolerance, and he 
therefore disappears under the snow, leaving the 
field to the white fox/ which is alone able to bear 
tike severity of the weather. 

CHARLES. 

llic power which man possesses of protecting 
himself by warm clothing, gives him an immense 
superiority o\er every other animal, and is, of 
course, one of the means by which he is able to 
bear such varieties of climates. 

DR. A, 

Certainly ; for the eflect of cold air on unpro* 
tected parts of the body, is very soon to deprive 
them of vitality; and if proper means are not 
immediately taken to restore it, (of which a very 
important one is friction by snow,) mortification 
might be the consequence.~There were some very, 
curious’ experiments made, many years ago, by Dr. 
Fordyce and Sir Charles Blagden, and subse* 
quently by Drs. Delaroche and Berger, as to the 
extent to which the human body i$ able to bear 
great artificial elevations of telnperature. They got 
small rooms healed, pa!k^tly'bjr flues", and partly by 
throwing boiling water upM "theita, ^ as to rabte 
the thermometer to 24Q®; and^y were able to 
bear this temperature, with a clothing only, 
without' ^ateriai inconveQ{0h$^^^d could liaVe 
even bpme ^ higher 
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SOPHIA. 

But this is a temperature considerably above 
boiling point of water. 

DR. A. 

So it certainly is ; and yet the body could bear 
it with impunity. The touch of watch-chains^ or 
any thing metallic, could not be bonie for an 
instant; but at the same time that substances 
exposed to this great heat, acquired an increase 
of temperature, more or less rapidly, according 
to their nature, the body itself felt quite cold to 
the touch, and had but little cle\’htion above the 
usual temperature. There was also this curious 
circumstance attending the experiment, that when 
the air was set in motion by bellows, it increased 
much the feeling of heat. 

CHARLES. 

This was, I suppose, upon the same principle, 
diough conversely, as the- sensation of cold, which 
is in ordinary circuntajtances produced during a 
wind. In the latter case, the heated air surround*^ 
ing the body is carried off as soon as accumulated ; 
while, in the former, the air which is cooled b} 
its contiguity^ the body, is carried oil, and gives 
place to a fre^b supply heated air. ^ 

» PR. A^ 

Certainlv t and in the same wav the siroccos. 



ANIMAL HEAT. 


305 


and other currents of air which aie heated above 
the temperature of the human body^ will appeal 
to tlie human body as the air of a furnace* The 
sirocco, I may observe, is mentioned by Brydone, 
as sometimes indicating a temperature of 112^ 

. SOPHIA* 

Were any animals exposed to this high tem- 
perature in the experiments mentioned by you ^ 

nn* A* 

A dog kept half an hour in a basket, hi a 
temperature of 236“; he soon began to pan^ and 
hold out his tongue ; but he was eo little affected, 
during the whole time, as to show signs of pleno 
sure when they approached him: he fras quite 
hvely when Uberati^, and did not seem at all the 
worse for the experiment. 

' 80P»|A. , 

But in what way can this extimnrdinary wan< 
of power of such eleyated temperature io^a^ecUn, 
the body, be accounted for ? In apn^e mrcomatances 
beat becomes latept, but on^ doesjjiot see how 
this cmt hji^peit in fhe presjodt 

In the first cxp^im^ta, fWt 

no deration 

or oUier anirnds, fo the 
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found to be not perfectly accurate. An elevation 
of several degrees, sometimes takes place under 
sucIl circumstances ; but thi^ is still trifling when 
compared to the temperature withstood. — It was 
found, that on the first exposure, there was a 
great sensation of burning, which was, however, 
speedily relieved by an abundant ' perspiration, 
which, by its cooling o|)eration, carried off the 
lieat which might otherwise have produced more 
sensible effects on the body. So that you are 
so far right as to a certain quantity of the heat, 
to jrhich the body was exposed, becoming latent, 
and thus losing the power of exhibiting itself in 
the usual way. In the dog, the same effect was 
produced by transpiration from .the lungs, which, 
in that genus answers the purpose of exhalation 
from the skin* 


CHABEES. 

But is it certain that the appearance of great 
perspiration might not be dcceptious, while it was 
really a deposit on the cooler body, Srom the vapour 
with which the room wife filled ? 

DR. A*. 

A part 'arise from this eause; but the 
agency of the f^rme|; was indicated, by the efiects 
of confining 6^ima|s to high temperatures in 
stesfXOf when 'evaporation from the surface was 
prevented. In such cases, the animal suffered 
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more iioni the heat, and had its temperature 
much more raised than In ordinary circumstances* 
It is to be observed, however, that even a highei 
temper atuie than that to which Dr. Fordyce and 
Sir Charles Blagden were exposed, has been sus*- 
tained without hioon\enience; for Tillet and Dd-* 
hatnel commuiHcated to the academy of sciencles^ 
some \ears previously, an account of some females 
in the employ of a baker at Rochcfoucault, in An^ 
goumois, who were in the habit of going into an 
oven, heated to the tempeiature of 278° (105° of 
renuuning theie 14 or 15 minutes, and suf» 
fering no paiticuhi inconvenience, unless they 
touched the surface of the oven, which, like the 
metallic substances in the experiments which 1 
mentioned to you, communicated a heat that could 
not be borne* 


HARRIET. 

Were any other effects observed in those ele- 
vated temperatures, than what you have noticed 
relative to the bodies of the experimenters^ or ani- 
mals introduced with them? 

nR* A. 

£g^ wet« readily coqked^ and ateafca and 
the cooking process was haatened^ by blowing the 
warm air on the ateak by bellows. Watear woa not 
made to boil; unless covered With « kittle oil or 
wax« whldt aeemed to prevent evtq^oaatioA* and in 
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this way, by confining the heat, allowed a sufficient 
elevation of temperature to take place. 

HARRIET. 

But I suppose it was only in heated air, that thi'> 
elevated temperature could be borne. Much les^ 
than this would be more than could be sustained, 
I presume, in heated vapour, water, or other dense 
fluid. 


OR. A. 

It is a very curious drcuinstauce, that the great 
Boerhaave, from some tery inaccurate experiments 
which were made at his desire, formed the con- 
clusion, that animals would perish, if exposed to a 
temperature above that of ffieir own bodies ; and 
that dogs, when so exposed, emitted speedily a 
most noisotde and offieusive vapour. The fallacy 
of these, i^oas, faotrever, 1 have ^ready pointed 
out. But it , was one of the first circumstances 
known about the power of the human body to bear 
great heat, tKat vapour-baths, in Russia, are very 
copiitionly sat in, a|: ffie t^perature of fronwl 22° to 
ISS**, on^ >ritoout«ihicouvenience, but with 
gl^ com^^ l^ie hoat is produced by pouring 
water over rcd-hot flints. — It has even been said, 
that the tejopamjare pf vapour-baths has been 
borne in Russia Pno I'hdand as high as 45**, 50'’, 
and eyhn of Reaumur’s* ditmomefer, equal to 

1 8S^ 1 6?^ of FabrOnheit’s. 1110 orffinary 
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temperaturey however^ does not seem mucti to ex- 
ceed 120^; but this is an elevation at which heated 
A\ater can hardly be tolerated ; and immersioti fbi, 
three minutes in the Barege water, at 11S^ pro- 
duced much inconvenience. Spirit of wine vras 
insupportably hot to the touch in Fordyce’s expe- 
] iments. 

SOPHIA. 

U the heat of the body quite tlic same, in all 
temperatures of air, climates, and seasons ( 


DR. V. 

Not exactly ; for Dr. Da%y Ibuiid an elevation 
of one or more degree!> of Fahrenheit^ in the inha- 
bitants of Ceylon, above that of persons living in 
northern latitudes*. Seasons have likewise a cer- 
tain influence on temperature, though the subject 
has been but little attended to. Sparrows were, 
however, found by Dr. Edwards, to be in February 
at 105°, in April at 107°, and in July at 110”. 
The same gentleman also observ'ed, that the power 
which is possessed by auiniais, of produeing heab 
varies with the season ; a low artificial temperature 
reducing thehtot oCsparroVs^ tlttuch less !a winter, 
than ill summer. 

*■ r 

CHABIAS. 

Is it noi probable tluit a greater 

degree of ngour in the ay^i«a>»ijft''cicdd, thantveDcfi 
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weather, which may make the powers on which the 
production of heat depends, greater in the one case, 
than the other ? 


DR. A. 

It would be difficult to refer the ciicumstance 
entirely to such a cause ; but, at the same time, if 
you would wish to have a little analogical support 
for your hypothesis, I may mention to you, that 
young animals, whetlier birds or qiiaduipeds, arc 
for some time very dependent on tlieir paients, for 
keeping up theii tempeiaturc,* and it would appear, 
from some expeiiments and observations made on 
the subject, that the minimum power of producing 
heat exists at birth, and that it increases up to the 
time of adult age ; so that full-grown, or adult ani- 
mals, can resi*»t, more efleclually than others, the 
operation of great cold. — There is a particular di- 
vision of animals which deserved attention, and 
which 1 have not yet mentioned. It forms a part 
of the warm-blo6dcd, and in summer, resembles 
the others of its class, iwsajSpeurance and temper- 
ature* When the heat Of the weather, however, 
foUa beloD^ the nature of thesq animals seems 
entirely tO and they appear gradually to 

undergo n metamorphnsU from warm-blooded, to 
cold^blao<$;d. Th^y retire into hotels in the earth, 
or j^4i^^and buipy themselves in negik made of 
hay dmi ]^¥e$, when they fall inW e hind of ^ 
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sleep, and continue totally inactive until the 
uarmth of the sun rouses them into acii6n« and 
restores their pristine state of existence. They 
roll themselves up; become rigid ; their respiration 
being slow, weak, irregular, and for a long time 
suspended ; and their temperature very much dimi- 
uished. Digestion ceases ; they take no food ; ami 
the action of their muscular, absorbent, and nervous 
poweis, IS for a time suppressed. These animals 
ire called hybe) noting^ 

HARRIET. 

What an extraordinary change; and how re- 
markable must be the nature* of the animals which 
arc subject to such an alteration of appearance. 
But are there many animals which undergo this 
extraordinary change ? 


* nR. A. 

Not a great number, though there are some in 
nil the cldises, exce|)t fishes and birds. Among 
the mammalia, arc bats, hedgehogs, dormice and 
marmots ; in the other clauses, are flies, insects, 
worms, snakes, and oviparous quadrupeds, includ- 
ing under that title, frogs, toads, and lizards. 

T 

SOPtllA. 

But then i| is only irt the colder eBinates, I sup- 
pose, Ihat the phenomena of tofpldi^ Gccor. 5 
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In no others; and hence, during the whole jeai, 
the insect and snake tribes preserve their noxious 
qualities in the warmer latitudes. 

SOPHIA. 

But how is it possible that animals can live 
without foodr and with an almost total suspension 
of all the functions of life ? 


DR. A. 

It is because the functions of life are suspended i 
by which means there is not the demand on the 
constitudoD, which occurs during active existence ; 
y and therefore not the continual waste which re- 
quires supply. 


CHARLES. 

Then I suppose the temperature falls nearly to 
the degree of th^ atmosphere ? 

i 

, ‘ DE. A. 

Within a few degrees, of that to which they aic* 
exposed yon will recollect that hybernating 
aQtm&ls eoijiccM and bury themselTes in sitnations, 
where' the eEtfeWil'^air haf not its full force. 
Thdr however, always remains some 

di^preea above of atmosphere ,* and it there* 
fere leppefinii t^t they have a power of generating 
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heat, though in a small degree compared to tlie 
non-hybernating animals. 

HARRIET. 

But would exposure to considerable cold during 
the summer have the same effect? 


DR. A. 

In many it has been tried; and ejdposuro to 
freezing mixtures, or confinement in icehouses, 
have diminished temperature, and produced tem- 
porary torpidity. — There is a curious circum-stance 
which attends the exposure of torpid animals to 
noxious gases, as the carbonic acid, azotic, or Jiydro- 
gen gases. As they breathe very imperfectly, or not 
at all, when in this state, they suffer no injury when 
immersed in them ; but as soon as they begin to 
revive, and to breathe, the destructive agency of 
these gases is felt. Torpidity, however, exists in 
various degrees; and heifce respiration, and the 
change effected by it in atmospheric air, are much 
diversified. The power of taking food likewise 
varies, being totally interrupted when the torpidity 
is complete. 

OIIAHLES, 

Has the experiment to keep off tornlditv bv 
artificial warmth been tried? ' 

PR. A.,v 

In several instances, partic4%r;j, mar- 
mots, which* in warm fooihst plantifii} 

VOUIL ^ 
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supply of food^ could be kept in activity duiing 
the whole of the winter. 

CHARLES. 

The effects of heat on the hybernatmg animals, 
seem to bear some kind of analogy to uhat we 
^ observe of plants. When the cold approaches, 
their leaves wither and droop ; they soon lose their 
beauty, and in a considerable degiee their ex- 
ternal character, which is only restored by the 
return of spring and of waimtb. 

DR. A. 

YouH^are quite right : beat is indeed one of the 
most important agents which natuic employs in 
the production of that coutinual senes of changes 
which aic every where exhibited, whether in the 
animate^ or inanimate world ; whetlicr in tho ani- 
mal, vegetable, or ininlral kingdom^ Every body 
in nature possesses a certain quantity of it, which 
is, as you hnow, either in the sensible or latent 
state, oi both ; and th^sun is the great means by 
^hich temperature is lldept up, or renewed. The 
anilt# Niy is* itself, however, a system in which 
heat is generated for its own peculiar wants; and 
fceaptiful, provision of nature for 
the atid for the pro- 

M under almost 

evert terfeiy of f;einpeg|tu'{S(*« 
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bOPHIA, 

I am very anxious to know m what way this 
continual production of heat is ejected. It is 
a wonderful process. 


DR. A. 

I shall endeavour to give you a general view of 
what is known on this subject; but it is one of 
great difficulty, and niany points relative to it 
require fuither elucidation. After the modern 
doctrines on chemistty had thiown a light on the 
phenomena of combustion, which had not been 
received befoie, attempts were made to apply the 
«:ame pnnciples to account for the production 
of animal heat. 

% 

SOPHIA. 

But was it not rather a wild speculation to 
suppose any analogy to exist between combustion, 
In which the heat is exceedingly elevated, and aiii 
mal heat, which rises so short a way m the scale 
of temperature ? unless, indeed^ W^are to imagine, 
that there is something of a furnace within us, 
jSrom which the heat oX our bodies is derived. 

DR. A* 

You hardly, however, reooUeet thO phenomena 
of combustion, or you would not consider the 
analogy to be so imperfect ^ 
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SOPHIA. 

Combustion, if I mistake not, is the rapid com' 
bination of a body with oxj^en, by means o! 
which heat and light are disengaged ; but in the 
animal body there is no appearance of* any thing 
of this kind, 

* Dll. A. 

That is, it is not perceptible to the senses, as 
in the case of combustion; but still, a veiy similai 
process is going on, though much more slowly. 
Combustion requires, you know, the contact of 
oxygen, or at least of atinospheiic an, which con- 
tains it. If it is cairied on in oxygen, in closed 
vessels, the oxygen either combines with the burnt 
body, and thus alters its nature; or a part of the 
burnt body unites with the oxygen, to form a 
new substance, called carbonic acid gas. Now I 
hav0 mentioned to you, that In respiration, oxygen 
disappears, atid carbonic acid gas is formed. So 
fhr the processes are similar ; but as this goes on 
very slowly in the lungs, there are none of the 
ilsc^ {Phenomena of ^olhbustion produced, which 
take place during combustion out of the body. 

^ CHARLPS. 

But I ^ not jUnd^stand in what way heat is 
elimtedelr consequence of the production of car- 
bordit^d by^tho miiou of the carbon of the 
bldod with the? oxygen of the air# brought into 
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contact with the hings. If tlie oxygen had be- 
come fixed, and its gaseous form had di 3 appeaved, 
I could easily conceive that the heat necessary 
for maintaining it in the state of air would be 
evolved, just as when vapour becomes water, or 
water ice ; but it was gas before its contact with 
tlie lungs, and gas afterwards. 

DR4 A. 

Your objection is a very fair one; and the cir- 
cumstance depends on that particular principle 
m chemistry, which is termed capacity Jbr heat. 
This is the particular quality or disposition which 
bodies possess, .by means of which they require 
different quantities of heat to raise them to the 
same temperature. 

HARRIET. 

I recollect that in the Conversations on Che- 
mistry, this principle is exemplified by the 
ferent heating of similar weights of tliree different 
bodies, lead, chalk, and milk, when placed in an 
oven. The lead heated first, the chalk next, and 
the milk most slowly, though they lyere all ex- 
posed to similar temperatures. 

, SOPHIA. 

And it was further exemplifit^ that these bodies 
possessed different quantities of heat in them, by 
the different quantities of heat which they were 
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able to communicate to equal quantities of water'^; 
the lead raising the temperature of the water least, 
the chalk more, and the milk most. 

DU. A* 

You are quite right in your recollections ; and 
in the same way, the oxygen gas has a greater 
capacity for heat than carbonic acid, or requires a 
larger portion to bring it to the same thermome* 
trical temperature; and therefore, in the conver- 
sion of the one hito the other, heat is evolved. 
But if their capacities for heat were the same, it 
is certain that no evolution would take place dur- 
ing the change of the one into the other. 

HABRIET. 

Are the lungs> then, ibund to be hotter than 
other ports of the body ? This must be the case, 
one would imagine, as heat is dicited in them. 

BR. A. 

You have hit upon one of the most staggering 
objections to the theory, that which, in the mind 
of the proposer of it, Dr. Black, seemed to be an 
insnrmountahle difficulty; for, in point of fact, 
there wa^ Ibttnd to be no greater temperature in 
ihe luag^tiKUr^^ {ntrts of the body; but 
here the^petrinh of capacity for beat, in reference 
to theJUpMid^ was h&d tecourse to, to remove the 
diffio j^ . 1 haS)i altesdy nientipned to you, that 
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the blood is changed from a dark, to a florid red, 
in the lungs, in consequence of the influence ex- 
ercised upon it by atmospheric air. It was con- 
sidered that the capacity of the "florid, is greater 
than that of the dark^coloured blood; and that 
when the latter became converted into tlie former, 
the heat which was elicited from the atmosphere, 
and would have raised the temperature of the 
blood in the lungs, was, as it were, absoibed, ^nd 
its sensible effects suspended. 

CHARLES. 

So that, in point of fact, though bdth descrip- 
tions of blood uould be of the same apparent 
temperature, yet they would actually possess dif* 
ferent quantities of heat 

DR, A. 

Certainly. 

CHARLES. 

But then in what yiray would heat, according to 
this idea, be extricated over the- body ? 

DR. A. 

By means of the conversion of the florid into 
the dark-d6loured blood ; fpr as this takes place 
all over the body, wherevV arteries terminate in 
veins, heat would of course be elicited, and in a 
very gradual and uniform way, iperely by the 
conversion of the arterial into venpil^ blcmd. This 



520 


ANIMAL HCAT. 


was a very beautiful and satisfactory view of the sub- 
ject; and as tihe difference of the capacity for heat^ of 
arterial and venous bloody was supposed to be 
as 114«.5 to 100, there was difference enough to 
account for the effect produced ; but, unluckily 
for this theory, it has since been discovered by 
Dr. Davy, that th6 difference of capacity, between 
the one and the other, is so small, as not to 
be sufficient to account fer the phenomenon in 
question* 

HAREILT. 

‘ Hpw very perverse it is, that when a theory 
lia^Deen discovered, which accounts satisfactorily 
for every difficulty in a subject, we should all 
at once hove our views unsettled, and be turned 
adrift into the world of doubt and uncertainty. 

f 

DR. A* 

It is doubtless a hard case, though not an un> 
frequent one ; but these are disappointments which 
must be borne with fortitude by all who have truth 
for theii: object.—>There 4 is another objection, how- 
ever, which is not unmerciful on the chemical 
theory of animal h^^t» than that which 1 have now 
mentitmed ;/it i» thi^, that after an animal has 
been decapitate^, thp circulation of the blood 
through the hea^ and Idngs can be kept up, and 
the change, of its colour frmn venous to arterial, 
produced witbqiht efiy production of ah^al heat 
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This, therefore, evinces that there are many 
obscurities in the subject, which have not been 
yet removed. * 


uareiet. 

But in such cases, were the changes produced 
on the air respired, just as in ordinary respiration ? 


nil. A* 

They were very similar ; carbonic gas was 
formed, and oxygen disappeared. 

ttAniUET. 

Then it would appear, from this extraordinary 
and repulsive experiment, that respiration is in 
no way connected with the production of animal 
heat, since the air exerts its prpper influence on 
the blood, and no heat is produced. 


DR. A. 

And yet we cannot at once reach this conclu- 
sion ; for the animals which have the most perfect 
system of respiratory organs, have most heat ; and 
in them it is uniformly observed, that whatever 
quickens the circulation through die lungs, will 
augment temperature,- and whatever retards the 
circulation, will diminish it. This, therefore, 
evinces a connection between those functions, which 
is not yet thoroughly understood. J may observe, 
however, that some later experiments, made both in^ 
p 5 ' 
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France and in this country, show that Mn Brodie’s 
expenm^ls (for it is to that able physiologist 
that we are indebted for then) are not so irre- 
concilable, as was originally imagined, to the che- 
mical theory of respiration* It is to be remarked 
likewise, that when carbonic acid is formed out 
of the body, by the combustion of carbon m oxygen, 
(which is a process similar to what occurs in the 
lungs*) there is found to be an elicitment of a very 
large quantity of heat, which, it is reasonable to 
suppose, would be disposed of in heating the bodj, 
where the same phenomenon goes on within it. 
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DR. A. 

In the general views which I have endeavoured to 
communicate to you, relative to the animal econqgiiy, 
I have treated of those functions, which tend td the 
supportof life and strength, and which are connected 
with the exercise of the particular powers and pro- 
})erties, for which the animal is destined. We 
Ijave got nearly to tlie termination of the plan, 
which 1 meant to pursue for your amusement and 
instruction, in our late meetings ; and it is my in- 
tention, on the present occasion, to give you some 
information relative to the growth and decay ot 
tlie body, as a fitiale to our operations respecting 
ihe animal economy^ for die present 

The whole of the or^ns of tl^ animal body 
are intended aa a mutual support and protection 
to each othen Nourishment goes on at a]ll periods 
of life, but in very different dej^ees. In infancy 
and youth, it is intended that the various parts of 
P 0 
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the body should expand to tlieii* designed size; 
and the food ivhicli is taken in, is therefore not 
only destined to support^ but ^o enlarge. Growth, 
however, is limifed by that law which nature has 
attached to every object in the creation; and after 
maturity has been obtained, the principle of decay, 
which is inherent in our natures, soon becomes 
manifest. The apparatus Which is attached to life, 
is to last but for a certain time, in spite of the 
admirable provisions which exist for ])reserving 
health, and for warduig off disease. — At the 
earliest periods of existence, growth is exceedingly 
lapid, and nature seems to be solely occupied in 
contributing to it. ’The alternations of food and 
rest, occupy nearly the whole time ; and it is not 
till a certain poi lion of si/e and strength are ob- 
tained, that other objects can be attended to. 
This however, principally the case with man ; 
^for ip "many* parts of the animal creation, tlie 
youpg soon obtain a certain independence of their 
parents. 

HAftRlET. 

The tecniit which is obtained by sleep, appears 
to be a very wonderful pro^^ision of nature, for 
restoring the ittergy of the frame. 

^ DR. A. 

''4 

A very ^^traoidi^ry and admirable one, in 
whicIbf.^llWg aa^pbiivion |f eyery extamal cir- 
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cumstance^ the body obtains a revival of its powers, 
and Uie capacity of resuming its exertions. Mere 
quiescence is not sufficient to restore the aiiimai 
.strength after fatigue* 'JOiat can go only a certain 
way; but in the effects of tlie balmy influence 
which sleep exercibos, the mental and bodily ih* 
cullies obtain a sure, anti constant renewal of their 
energies, 

CHARLES.' 

We are, I presume, to take sleep as a fact, 
which is not to be accounted for, any more than 
the operations of mind, or the connection which 
the mental and bodily part of our frames have 
together. 

DR. A. 

Some endeavours have been made, on mecha* 
nical principles, to account for this phenomenon, 
but they have been <|uitc insufficient; and wc must 
be satisfied on this, as well ns various oth^r sub- 
jeetb of an obscure nature in physiology, to attend 
to, facts, and not to burthen ourselves with useless, 
and unavailing hypotheses,— The soundest sleep 
is enjoyed ^during complete irecumbeiice, when 
there is a total cessation of all voluntary exertion. 
Sleep is, however^ occasionally to be obts^ed, in 
great fatigue, under almost any circutnstances* 
It has been said, that during of the 

Nile» some of the boys were so overpowered with ' 
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fatigue»^that they laydown and slept most heavily^ 
amid the hottest of the action. Couriers and 
postillions have often been ki^own to sleep when 
on horsebacl^; and it has been stated that many 
of the soldiers of General Moored army fell 
asleep during their march, and continued walking 
on, notwithstanding this occurrence. 

SOPHIA. 

k 

It seems to be hardly credible, that persons 
should be able to sleep without falling. 

on. A« 

And yet we know that there is such a thing 
as somnambulism, or walking in sleep; which, 
though not quite a case in point, shows clearly, that 
under particular circumstances, a certain command 
may be retained over the limbs during sleep. 
Perhaps the greatest privation to which the body 
can be subject, is want of rest; and the utmost re- 
finement of punishment which can be inflicted, is 
that of continually interrupting and pi eventing 
steep, as we read has been done by some tyrants 
of pid. Captain Barclay’s exertion of ^\alkmg 
lOOO miles tn tdoo hours, Was a very great one, 
merely viewed as being 24 miles a day, for above 
40 days. It was^ ± imagine, more than any horse 
could go throoghj^ but when you consider that it 
was two^miles eyei^ two hours, so as that never 
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more than one hour and a halPs sleep at a time 
could be obtained^ it is quite extraordinary how 
he could accomplish such an enterprise* 

SOPHIA* 

1 am afraid it is a lender subject to touch upon 
with us; but 1 should like to know what quantity 
of sleep may be considered to be necessary in 
the 24* hours ? * 

Dll. A. 

Much depends on habit^ aYid something on ori- 
ginal constitution : but few people can do without 
six or seven hours* sleep, and none ought to have 
more than eight or nine* laborious students, how- 
ever, and others who are very provident of their 
time, have limited their sleep to four or five hours, 
or even less, — During sleep, there is a gradual dimi- 
nution of animal action. The pulse bccomps slower; 
the process of digestion goes on less vigorously; and 
there is a slight approach to that sort of suspen- 
sion of action, which occurs in the hybcrnatiiig 
animals. The diminution of heat which occurs 
during sleep, is w’ell marked by the circumstance, 
that if persons fall asleep with only their usual 
clothing, they often .find them^lrcs exceedingly 
chilly on awaking^ 

WhcHb^^ple dreum, is it* sleeping 

less sound, and from ibe pow^f^f tile mind Iraii^ 
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therefore less completely suspeniled, than in ordi- 
nary circumstances ? 

DR. A. 

This is not unlikely ; because we geni-rally find, 
that a first sleep is more sound, and is freer from 
dreams, tlian a second, or what occurs nearer the 
tmQ of rising. 

HARRIET. 

What a very extraordinary thing dreaming 
seems to be. It appears a^ if some of our faculties 
were as acute, or e\eii aciiter, than ordinary, while 
others are totally suspended. 

DR. A. 

Wo certainly feel ourselves able to perform, with 
perfect facility, all the ordinary actions of life, but 
have a most extraordinary want of recollection of 
past events ; so that we can act with persons who 
have been long dead, and with a total oblivion of 
events and circumstances long gone by. It is like- 
wise curious, that, though we may seem to possess 
our usual judgment^ u id* power of observation, in 
many things^ our dreams often exhibit a great 
wildness and inconsistency, which pass by without 
offending tii, or^ appearing to be at ill extra- 
ordinary. 

GHARlBS. 

W^^^46 goon, from subject to subject, in a 
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very desultory way, and as though wc had no com- 
mand of our tlioughts ; and I suppose tliat various 
circumstances which have recently taken place in 
waking hours, may make our ideas take a parti- 
cular direction. 


niH A, 

This is unquestionably the case ; and it sccnis 
as if, when once a particular direction was given 
to our ideas, our imagination went on in a most 
uncontrolled way, and seemed to be on the watch 
for new trains of association, and for new and 
often grotesque and fenciful combinations* The 
effects of various diseases, particularly indigestion, 
and some of those wliich affect the chest, in pro* 
ducing unpleasant dreams, are well known ; and 
every one has occasionally felt, that a late and 
heavy meal, will give rise to various unpleasant 
dreams, and go to the extent of producing night- 
mare. I heaid the late Professor Gregory, when 
1 attended his lectures many yeara ago in Edin- 
burgh, give a curious example of the effect of a 
bodily impression in pioducing a dream. lie was at 
Rome, and being ill of fever, sinapisms, or mustard 
poultices, niere applied to bis feet: these, when 
they began to take effect, produced a considerable 
heat in those parts, and made him dream that he 
was ascending Mount ^tna, and that he found 
(he heat of the ground ipsappOltaWy great#^It is 
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the readiness with which dreams follow certain 
trains of association, and the want of any apparent 
control over them, that led Mr, Dugald Stewart, 
in investigating the state of mind during sleep, 
and in considering what iacplties continue, and 
what are suspended at that time, to form the 
opinion, that during sleep, those operations of the 
mind are suspended, which depend upon the will; 
the succession of thoughts following the usual laws 
of association, without having that sort of influence 
exercised upon them, of which we are capable, 
when awake. 


CHARLES. 

So that memory and judgment, Mr. Stewart 
supposes, are suspended, because their exercise 
requires a certain voluntary exertion on our part ; 
and, hence, we neither compare tlie circumstances 
which seem to be passing before our eyes, with 
past events, nor discover their extravagance or 
inconsistency. 

* DI^. A. 

Such is his opinion; and a part of his theory 
depends on the supposition, that trains of ideas are 
continually pai^sing through the mind, both in 
sleeping and waking;^ or, in other words, that we 
"always dream (luring sleep, but do not always 
recollect our dreams^ — In the period of infancy, a 
larger portion of sleep is necessary than in after life. 
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The same is the case in old age, ^hen nature is 
soon exhausted, and seems, with the occasional loss 
of faculties, to go back to the feebleness of early 
life. 

CHARLES. 

There must, I should imagine, be great original ^ 
dijSerences in the strength i>f individuals, as indi- 
cated by the various periods at which ohl age ex- 
hibits itself. 

* • nn. A. 

I have no doubt that there arc such dilTerences, 
independently of the elFciits produced by various 
habits of life* It is very seldom, however, that 
old age is allowed to moke its quiet and imper- 
ceptible inroads. The numerous accidents to 
which we are subject, and the various causes of 
disease which are continually in operation, leave but 
few to die of old age. The earlier that the biuman 
species advances to maturity, the sooner is the ap-' 
proach of age; and, in some curipus examples, 
where maturity occurred during infancy, the de- 
cline of life came on ^tUttle more than the usual 
adult period. In southern climates, likewise, where 
maturity is early, age comes on rapidly. 

HARRIET. 

Is there any reason for supposing^ that there 
much difference between Ac modern period of life, 
and that of Jfeient times ? 
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DR. A. 

David speaks of the age of man being, in his 
time, only threescore years and ten, or in very rare 
cases, fourscore years, which is wliat we may re- 
gard as tlic general limit of human existence at 
present ; nor does it appear that the ancients, at all* 
exceeded the average length of life in modern 
times. Of course, we set aside that extraordinary 
duration of existence, which is described in the early 
part of the Mosaic history, and was destined to af- 
ford abetter opportunity for peopling the earth. 

^ CHARGES. 

1 think the famous Parr lived to the age of 152 
years, ahd Jenkins to 169, It would be curious 
, to know whether their families were at all distin- 
guished for longevity^ 


DR. A. 

It has been said that Pane's was ; and it is not 
unlikely that the stamina, which persons who 
live to advanced periods, possess, may . be ca- 
pable of transmission. Parras grandson, Michael 
Michafelstone, lived to the age of 127, and died in 
theyear 1 763.^ — There was acurtous statement made 
out some years since, relative to the ages of the resi- 
dent pensioners of Oreenwich^tjospital, amounting 
at the time to 24<10 in nu^ber^ from^hicb I shall 
point but the principal pa^iculars.,p||^is nuin- 
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bcr, 9G had attained to, or passed the age of 80; one 
only was above 100; 15 were 90 or more; and 
80, were 80 or more. About 42 of the 9G were 
of aged families ; and in <^ome of this number, both 
parents had been aged. 80 of the 96 had l>een 
married; 79 were in the habit of using tobacco in 
some foiin or otlier; and 48 had drunk ficely. 
20 were entirely without teeth ; 52 had bad, and 
1 h good teeth. But the oldest man in the house, 
who was 102, had four new front teeth within the 
fi\e preceding years. Vision was impaired in 
about one half ; and hearing, only in about a fifth 
part of the nuinbei. 


SOPHIA. 

How pleasantly Greenwich pensioners must live, 
amid a total freedom from caro, and with nothing 
to do but to enjoy themselves among many of 
their old cronies; fighting over again their battles, 
and snugly Compaiing their adventures, and talk- 
ing about their hair-breadth escapes. 


DR. A. 


Yet It is not amid tlie greatest apparent aptitude 
for enjoyment, duit tlic human mind usually 
possesses most pleasure; and I fear that their 
total want of care, thq monotony of their lives, 
and tlie absence of regular employment, may 
sometimes iheir time hang a little heavy 

upon tbj^jHll^ds/ jCireenwtch Hospital is, 
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however, a noble asylum, worthy ot a great 
nation to support ; and nothing is a more agree- 
able sight, than that of a veteran, who, after 
having served his country with honour, gratefully 
reposes on its bounty ; and, with such an interest 
in passing events, as binds him reasonably to 
this world, makes a prime object in preparing for 
the next. 


HARRIET. 

-Does longevity, as far as }ou know, occur most 
in the higher, or the lower oiders of society ? 

DR, A. 

I should say most in the lower ; for the higher, 
and even middle classes, arc subject to various 
causes of indisposition, which do not attach to 
those who are much below them. Old Parr, and 
Jenkins, both of them lived, from necessity, on the 
coarsest fare. The former married when at the 
age of 120: and when at ISO, was able to thrash, 
and to do anj description of faimer’s work. He 
was brought from the j)urc air, and homely diet of 
the country, into' th^ family of the Earl of Arundel, 
in Ijondon, where he drank wine and lived luxuri- 
ously; and he was, in consequence of such a change 
in his mode of living, speedily carried off. 

Many of tKe instances of longevity have oc- 
curred in workhouses, where, thouch there is ge- 
a sufficiently of the plaines^n, there are 
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no luxuries ; and the plain diet, and invigorating 
employments of a country life, are certainly more 
favourable to health, than the cipse air, and refine- 
ments of towns; thougli it is not to be forgotten, 
that the country labourer, who is exposed to all 
weathers, is es^ceedingly liable to the complaints 
which arise from cold and damp. 

CHAKLES. 

It must likewise be borne in mind, in any cal- 
culation of the proportional mortality of the 
higher and lower orders, that as the latter are so 
much more numerous than the former, one case 
of longevity, in tlie higher orders of society, coun- 
terbalances, several in the lower. 


on. A. 

This must certainly be the case ; and it is a 
circumstance which does not seem to have been 
suflSciently attended to. — It has been said that 
there ha\c been greater examples of longevity in 
Great Britain, than any other country of Europe ; 
and a curious circumstance is mentioned by Sir 
William Temple, on the authority of Philip de 
CoiUines, that none of the kings of France lived 
to threescore, from the time of Charlemagne to 
that of Louis the Eleventh ; wbe^as, in England^ 
from the Conquest, to the end of QUeen Eliza- 
beth’s reign^^hich is a much shorterperiod) there 
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have reigned five kings^ and one queen, whereoi 
two lived 63 years, two 68, and two reached at 
least the 70th year of thel»’ age. Sir William 
Temple likewise states, that be was infoiined by 
M. Pompone, the French ambassador at tlie 
Hague, where Sir William was ambassador from 
England, that he had never heard of any man in 
France who had arrived at 100 years. — It is very 
clear, however, that, uotwithsUinding the vaiiation 
which there may be in the longevity of the human 
i'ace,*in different countiics or districts; and in spite 
of the continual complaints which are made of the 
shortness of life, man is a long-lived animal. He 
is exceeded, in length of years, bj but a very few^ ol 
the otiicr inhabitants of the globe. 

SOPIIIX. 

Very long life is hardly desirable, '-ince it must 
leave a person very much alone in the world ; and 
diminish the value of existence, by the w'ant of 
sympathy with those around us, on which so much 
of the comfort of life depends. 


DR. A, 

And yet life always possesses certain atti actions ; 
and few have such a position of feeling, as to be 
willing to give up animal existence, without a 
struggle for its preservation. The human mind 
gmdually reconciles itself to new circumstances ; 
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and freqfifently possesses, even in the most deso- 
late, and adverse state of things, certiiin sources 
of enjoyment, into which it is difficult to enter. 

* llARUIET. 

But the wreck of mind is tlie most humiliating 
to our nature ; and I hardly know any thing more 
painful than the second childhood to which some 
are reduced. 

DR, A. 

It is a serious lesson on the evanescent nature 
of sublunary things, that not only our corporeal 
strength, but the proud exercise of those faculties, 
which place man so much above every otlier 
animal in the creation, are of very short duration. 
The most powerful monarch, the most distin- 
guished philosopher, poet, and statesman, arc 
equally destined, in a few years, to sink into dust ; 
and, before the close of life, frequently to exhibit, 
with the loss of their bodily vigour, a diminution, 
or disappearance of those powers of intellect, which 
governed, instructed, or delighted mankind, 

UAUniET. 

Is there any reason for supposing that the 
ancients exceeded the modems in height ? 

DR. A. 

The magnitude of ordinary men does not appear 
to have been greater^ at those periods, when so 

VOL. II. Q 
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much ilcpeiideci on personal prowess, than in 
modern times, wl)en, by the changes introduced 
into the mode of warfare, die powers of different 
individuals are so much f cjuaiised. There are 
diflcreiices, witliin certain bounds, in ihe size both 
of nations and individuals ; and instances some- 
times occur ofmonsirositios, both in largeness, and 
smullncss of dinuaisioiu Ciiants have been men- 
tioned, of from seven ffvt to nine lect in height, 
ajid sometimes miu'it ui'ur ■ duiugh last seems 
1(4 b(^ tiie urnujsi »;!'\{aturc for which there is 
tohaabJe evidence. l>warts, on the otho* hand, 
have <>ccuricd, ol’ liom i«0 inches, to about 16 
inches in hoiglit. IJnt in ail these deviations from 
usual size, th«;r(^ is gnu‘rally something irregular 
and anomaious in slnuturc and appearance; and 
Nature seems to have reserved her greatest beauty, 
symmetry, and activity, whhin certain moderate 
limits. 

CHARLES. 

The bulk of man depends, I supjmse, in some 
tlcgnv, upon his mode of living; but I have often 
been sm prised at the diileronce which occurs 
between men and brutes, as to the power of aug- 
menting their size. A thrmca* may pretty securely 
depend on fattening an o% or a sheep on a gootl 
pasture; but some people are lean and lank under 
plentiful diet ; and others seem to get large on a 
mq^^ate^ or even a small quantity of food. 
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DR. A. 

The more removed iiiankiiul i\rc iVojn a slate oi' 
nature, the more dependent lliey seem io hv on 
acciilental eircum stances. In the Siiva^(? stale, 
probably, a man might be as <*er(ainly rattened as 
an ox; and we learn that during the sugar season 
in tlic AWst Indies, the negroes ab^ays become 
})inmj>. Even \\iih ns, L'lUchers r<tid imikeepers 
are very often laigc: lor tbey live well, aisd have 
just enough exercise to presej ve them in lu^alth. 
Hut a soldier, a sailor, and a postillion, thougli 
tlicy have plenty ol‘ good ibod* are prevented by 
their respective jnoi'e.ssions Ihun carrying much 
flesh. 'Hiere have been many examples of persons 
who have become very large, gros?., .and diseased, 
by indulgence ; and who, by a maleriai aiteriiuun 
in their mode of life, haw ve<lnced (hemsi Ives to 
moderate dimensions, and have recovered tlieir 
health; and one has occasionally heard of some 
calculating gourmands, who, after certain periods 
of enjoyment in all the luxuries ol’ the table, have 
starved tlienisclvcs for a time, in order to resume 
tlieir sensuality with less risk. — A curious example 
of the gocni cflccts of temperaucc, in recovering 
and preserving health, occurred in the famous 
Lewis Cornaro, a noble Venetian, who was ori- 
ginally of a feeble constilution, and by irregular 
indulgences, brought himself, at the age of 40, 
to the brink of the grave. He adopted a rigid 
C 2 
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course of temperance and sobriety, on being told 
that this was the only chance he had for his life ; 
and he lived to above 100, going off like one in a 
sleep. He allowed himself not more than 12 
ounces of food, and 14 ounces of drink, in the 
day ; and when he was above tlie age of 70, the 
experiment of adding two ounces to each, by the 
advice of his friends, had nearly proved fatal to 
him. The food that he employed w^as nutritive, 
and his drink small wine. — But one of the most 
extraordinary instances j ecorded, of the restoration 
of health, and reduction of size, by temperance, 
was in Thomas Wood, the miller, of Billcricay, 
in Essex, wlio, under full living, became very 
corpulent about the age of 40; aud at 44, had 
many threatenings of apoplexy, and other serious 
maladies. On reading the life of Cornaro, he 
altered his mode of living, so as gradually, but in 
no long lime, to reduce himself 10 or 11 stone. 
He entirely recovered Iiis health and strength; 
and died of an inflammation of his bowels, brought 
on by cold, at the agp of 64. The daily nutri- 
ment which he f<>u«id perfectly adequate to his 
comfortable support, consisted of a pound of the 
flour of which the best kind of sea biscuit is 
made, boiled into a pudding, with a pint and a half 
of skimmed milk. He used a great deal of exer- 
efesfiy. and took about five hours^ sleep. At one 
timei.when he took three pints of skimmed milk, 
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and two eggs, with liis pudding, he thought he got 
lat, and therefore made a reduction to what I now 
mention, which became his usual daily nutriment, 
1 have talked witli Mr. Wood’s son, who occupies 
the house in whicli his lather resided, on the sub- 
ject of his father’s singular history; and have seen 
two or three manuscript volumes of correspond- 
ence, mentioned by Sir George Baker in the ac- 
count wliich lie published of ilje case, and to which 
the success of this curious discipline gave rise. 
One of Mr. Wood’s imitators, it is said, having, 
from faith in the efficacy of the pudding, had it 
made with every regard to punctilious accuracy, 
long persevered sedulously in its use. You will 
not, however, be surprised at the difference of 
effect, when I tell you, that he took it in addition 
to, and not in the place of, his ordinary luxurious 
repast. 

CHARLES. 

We have an example, in the reduction of weight 
in jockeys, of the effect of spare diet and exercise 
on the human frame. Are you acquainted with 
rhe mode pursued by them in accomplishing their 
object ? 

DR. A. 

In general, when feats of strength and activity 
ai’e to be performed, either by men or animals, a 
certain training is employed, by which they are 
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brought to the best possible state of health and 
strength, both in wind and limb. This was done 
with the ancient athletar, and practised likewise 
now-a-days, in fitting men for boxing, or for running 
matches; horses for racing, and cocks for fight- 
ing. But the jockey has a totally reverse plan 
pursued with him; and being obliged sometimes 
to reduce himself to a very low weight, in a very 
short time, he can only do so by starvation, ex- 
ercise, and profuse sweating. It is said, that he can 
effect the object of a reduction of a stone and halft 
or even more, in as short a time as a week or ten 
days. He eats very sparingly ; takes wine and water 
for his drink ; walks daily 15 or 16 miles, with five 
or six waistcoats or more on him, two coats, and 
as many pairs of breeches, by which means he is 
made to perspire very profusely ; and takes a good 
deal of rest. In the instance of John Arnall, 
when rider to his present majesty, then prince of 
Wales, who was desired to reduce himself as much 
as possible, in order to ride some favourite liorse, 
no animal, or even farinaceous food, was taken for 
eight succeeding days ; but only a piece of apple 
occasionally. He was not injured by this discipline ; 
and it appears, that when jockeys resume their 
ordinary mode of living, they very speedily recover 
thfeir flesh, though they are seldom, at any time, 
more than, nine stone in weight. You thus see 
what^a singular power the animal frame possesses, of . 
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accommodating itself to a great variety of circiiiii> 
’stances. This is wisely and bountifully intended, 
without doubt, to increase the spliere of our grati- 
fications and usefulness ; though it is often per*- 
verted to mean and ignoble purposes. 

But after all the exertions of the best regulated, 
and the most useful life : after nature has availed 
herself of her numerous resources to preserve 
health, and to keep off disease; after all those 
curious compensations and adaptations which the 
study of our frame lays open, have been called into 
repeated operation ; there is, most surely and in- 
evitably, whether at the usual period of old age, or 
at that more extended limit of existence, which a 
very few only are destined to attain, a failure of the 
powers connected with life. The bodily organs are 
unable to carry on their functions ; they become 
inanimate matter ; are decomposed into their ori- 
ginal elements ; revive again in new shapes, in plants 
and animals ; and in this way, assist in the con- 
tinuance of those, series of existences, which were 
commenced by the fiat of the Deity, and are con- 
tinued by the laws to which he has given origin. 

The principle of life is wholly unknown to ^us. 
We cannot detect, by the nicest powers of human 
discrimination, the circumstances on which depend 
the difference between a living body, in the : ful- 
ness of health and beauty, where an ample, and 
interesting series of active operations, is liniiiter- 

. e ^ 
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ruptedly, and to all appearance spontaneously, 
going on ; and the same body, a mass of lifeless 
matter, subject alone to the laws which ihanimate 
substances are made to obey. But if the nature 
of vitality, of that principle which is common to 
the whole animal, and in some measure to the 
vegetable kingdom, is concealed from us by an 
impenetrable veil, still more is that of the sublime 
and immortal part of our constitution, which ap* 
proxirnates man to the Author of his existence, 
and fits him for contem})latuig the wisdom, the 
l)eauty, and the harmony of those operations, 
which are continually gokig on around him. 



CUVIER’S DIVISION 


OF 

THE ANIMAL KINGDOM.* 


DIVISION r. VERTEBRATED animals, br tho^t 

having a vertebral coluiun or back bone. 
DIVISION II. MOLLUSCA, animals ofboft texture. 
DIVISION III. .ARTICULATED, or jointed animals. 
DIVISION IV. ZOOPHYTES, animal [diints, or raJiated 
animals. 


DIVISION I. VERTEBRATED ANIMALS. Four Ulasse*;. 

CLASS 7. MAMMALIA, animals which give suck. 

Order 1. Bimana, or two-liandcd ; man only. 

Order n- Quadiiu.mana, or four-handed ; monkeys of all 
kinds. 

Order hi. C^arnassiers, or desh-cating. 

Subdivision /. Cheihoptera : winged-hands ; as the hat. 
Subdivision IE Insectivoba; living on insects; as the 
hedge-hog, shrew-mouse, and mole. 


* Referred to in vol.i. p. 47. 
Q 5 
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SusmviswN jn. Carnivora; carnivorous. 

A. Plantigrade; which walk on the soles of the feet; as 

the bear, racoon, badger, and glutton. 

lB. DigUigrade ; which walk on the toes ; as 

(a) Weasels. 

(b) The dog kind ; domestic-dog, wolf, fox. 

(c) Civct-cat. 

(d) Hyena. 

(e) The cat-kind; lion, tiger, leopard, panther, lynx.. 

common-cat. 

C. \ Some of the amphibious ; as seals and walruses. 

D. Marsupial or pouched animats; as kangaroos and opos- 
sums. 

Orduu IV, Rongeuus, rodentia, or gnawers ; as castors., 
beavers, rats, mice, marmots, squirrels, porcu- 
pines, hares, rabbits, guinea-pigs. 

OnoER V. Ei)£NT£S, edentata, or toothless; as the sloth, 
armadillo, pangolin, omithorynchus. 

Order vi. Packydeumata, or thick-skinned; as the ele- 
phant, hippopotamus, pig, rhinoceros, horse, 
ass, zebra, quagga. 

Order vii. Ruminant ; as the deer, antelope, goat, sheep, 
cow, buffalo. ^ 

. Order viji. Cetacea, the whale-tribe. 


CLASS IL BIRm. 

Order i. Dirdr prey. 

SvnmvisiON l. JOivstjUAl*; 9A the vulture, falcon, eagle, 
hawk. 
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^^rBDn'isios JL XorruBNAL; ns the owl. 

OiiuER rr. Passmilaux, or the sparrow tribe,* as the 
magpie^ sw'allow, thrush, sparrow, crow, 
wren. 

fhtDER III. Grimpluiis, ot cHnibers ; as the wootipecker, 
cuckoo, toucan, parrot. 

OuDER IV. GALLivAcfe; the gallimiccoiis or poultry- 
tribe ; as the peacock, turkey, phcabiuit, barn- 
door fowl, partriilgc, pigeon. 

OnoEii V. Ecuassiers, the stilted or waders; us the. 

ostrich, cassowary, plover, crane, heron, 
stork. 

OnDLii VI.. pAiMipjiDKS, or Aveb-footed; as the jiclican, 
duck, swan, and goose. 


i^LASS III. REPTILES. 

Order r. Ciulovicns, or tortoiaos, 

OiiDtR II. SiuRiENh, the lizard tribe; as the crocodile 
lizard, gecko, and chainclioii. 

Ordir in. Opium uNb, the scrpcni tribe; including the 
boa constrictor, and such serpents as arc not 
vononiniis, as well as the venomous serpents. 

Order iv. Batricip^s, the frog tribe; including frogs, 
toads, salamanders, the oroteus. and svren. 


CLASS IV. FISHES. 

Series i. Chondroptkrygieni^ or the cartilaginous; 

' as the lamprey, shark, skate, tbomback^ 
sturgeon. 

S9CRIES 11. Ossecx, the bony, whose drvisbns arc prin- 
cipally taken from the gills, jaws, or fins; 
and are 

Q 6 
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Order /. The Plectoghathes; as the sun-fish, trunk- 
fish. 

Order If, The Lophobrahches ; as the pipe-fish, and 
pegasus. 

Order ///. The MALACOPTERYGiEH^i ; as the salmon, 
herring, sein-fish, pike, carp, loche, silurus ; 
cod, turbot, sole, remora, eel. 

Order if,. The Acanthopterygiens ; as the perch, 
mackerel, dolphin. 

DIVISION 11. MOLLUSCA. 

Six Classes, principally constituted from the organs, and 

inode of progression. 

CLASS L THE CEPIIALOPODES; as the cuttle-fish, 
and nautilus. 

CLASS IL THE PTEROPODES; as the clio, .Ico- 
dore, and hyalca. 

CLASS UL THE GASTEROPODES : as the slug, snail, 
and limpet. 

CLASS IV. (without heads); as the 

oyster, and muscle. 

CLASS F. THE BRACHIOPODES; as the lingula, 
and terebratula. 

CLASS IF. THE CIRRHOPODES; as the barnacle. 

, DIVISION III. ARTICULATED ANIMALS. 

Four Ci|isse5. 

CLASS L . ANNELWES, OR WORMS. 

^Orderi. 'Thb Tubicoles, forming a calcareous tube 
around them; as the scopula, sabella, and 
tecebella. 
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OftDEii II. The OonsiiiRANCHES, the linibs diffused over 
the body ; as the nerdide and aphrodite. 

Order hi. The Avranches. (without limbs); as the earth- 
worm and leech. 

CLASS IL THE CRUSTACEOUS. 

Five orders, tbrmed from the number, or position of thtir 
organs of motion. 

Order i. The ; as the crab, lobster, and 

praw!i. 

Order ii. The Stomafodes; as the squill. 

Order iij. The Amphipodes; as the ganunaius. 

Order iv. The Isopodes ; as the wood-louse. 

Order v. The Br.anchiopodes; as the monocullus. 

CLASS IIL THE ARAClINlDESy OR SPIDER 
TRIBE, 

Two orders, formed from respiration being effbeted by pul- 
monary cells; or by trachea.*, or openings in the skin. 

Order i. The Pelmonaires ; as the spider, tarantula, 
and scorpion. 

Order II. The Tha< h^ennes; as tlie piialangium, and 
mite. 

CLASS JV. INSECTS, 

Twelve orders, derived principally from the number of 
their feet and wings. 

Order i. The Myriapodes, having numerous feet; as 
the iulus, centipcs. 

Order ii. TheThysanoures, having appendages to their 
tails; as the lepwina, or wood^ffsh, and 
podiira. 

Order HI. The Parasites; as the louse. 
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Order iv. The Sucmms; as the flea. 

Order v. The CoLKOPfjftnEs, having cased wings ; as the 
carabus, beetle, lady .bird, glow-worm. 

Order vi. The Orthoptjbees, Living straight wings ; as 
the earwig, locust, grasshopper, and mole 
cricket. 

Order vn. The liEMjrTKREs, or half-winged; as the 
bug, the water-scorpion, lantern-fly, aphis, 
and cochineal. 

Order viii. The Nkuroftkres, having net-work wings ; 
as the dragon-fly, and ephemera. 

Order ix. The IIymknoptkrks, having membranous 
wings; as the ichneumon, ant, spliex, wasp, 
and bee. 

Order x. The Leptdopteres, having scaly wings ; as the 
butterfly tmd moth. 

Order Xi. The Uhipiptkres, having fan-like wings; as 
the xenos, and stylops. 

Order xii. The DiprittES, having two wings ; as the gnat, 
and house-fly. 

DIVISION IV. ZOOPHYTES. Four Classes. 

CLJSS L THE ECHYNODEltMES; spiiicd skin ; as 
the star-fish, and echinus. 

CLASS JL THE JNTESTINAUX, or intestinal ani- 
Hials 5 -s the ta&nia, ascaris, and hydatid. 

CLASS ///. THE yiCALEPHESf or sea-nettle ; as the 
v sea-aneraony, and medusa. 

CLASS IV, \ THE POLYPES^ or roany-feeted; as the 
liydra, coralline, and sponge. 

CLASS IV, THE IHFUSOIRES, found in animal and 
l;. vegetable infusions ; as the wheel animal, and 
prpteus. 
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Bell, Mr. Charles, i. 132, 151, 
153, lG(i, 232 
Bichat, \r., i. 30 
B!lc,n. 197 
Biot, ii. 290 

Birds, respiration in, ii. 284 
Blood, ii. 227. 243. 247 
Blumcnbach, Professor, i. 47 
Bolting, ii. 26 

Bones, formation of, &c,, i. 

94, 115, 118, 156 
Brain, j. 196, 226, 228, 230 
Brodic, Mr,, ii. 322 
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C . 

Caftres, i. 53 
Callus, i. 122 ' 
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Chinese, i. 50 

Cimetiercs dcsinnoccns, i.l 94 
Choroid, coloured, ii. 49 
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Chyme, ii. 164 
Ciliary processes, ii. 25 
Circulation, ii. 224, 225 

, double, ii. 270 

_ - . — in fishes, ii. 261 

in frog’s foot, ii. 
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through the liver, 

ii. 262 
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254 

Civilization, i. 89 
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Cochinchiim, i. 50 
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Cold-blooded animals, ii. 258, 
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Colour, ii. 202 
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Combe, Mr., i. 214 
Cotnbustion, ii. 316 
Common cold, ii. 268 
Consumption, ii. 269 
Convulsions and spasm, i. 169 
' Cooper, Sir Astley, ii. 75, 25l 
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Cullivatioii, i. 91 
Cuticle, i. 22 

D 

Davy, Dr., ii. 309, 520 
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Domestication, i. 89 
Dreaming, ii. 327 
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Klbow, i. 105 
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Hrininc, i. 33 
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Rye, ii. 27, 29, 47, 59 
R\ Ci of insects, ii. 5 1 


K 

Facial angle, i. 37 

line, i. 56 

Feathers, i. 32 
Feelers, i. 27 
Fibrine, i. 192 
Flesh, i. 4 

Flies, their feet, i. 187 
Flying, i. 184 
Food, difference of, ii. 192 
Fordyce and Blagden’s expe- 
riments, ii. 365 
Friction, mode orobviating, 
i. 173 
Frog, i. 26 

Fowls, Dorking, i. 79 
, Padua, ib. 
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Gall-bladder, ii. 197 
Gall and Spurzlieim, i. 202 


Gastric juice, ii . 1 (54 , ) 72, 188, 
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Georgian, i. 48 
Giants, ii, 338 
Grub, or larva, i. 26 
Gipsies, i. 7 1 
Gizzard, h. 168. 

Glue, i. 21. 

Gniining, ib. 

Greenwich Hospital, longevity 
in, ii. 333 

Gregory, Professor, ii. 329 
Griffo, i. 75 
Growth, ii. 323 
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Hair, i. 7, 11, 96, 27, 29 
Haller, i. 224 
Hands, ii. 85, 89 
Harwood, Dr. i. 39 
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Head, Carib, i. 63 
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Hearing, ii. 64, 80 
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81 
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Hippocrates, i. 37 
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Home, Sir Everard, i. 224, 
2JOj ii, 25. ♦ 

Horns, i. 59 

Hunger and thirst, ii, 193 
Hybcmatiiig animals, ii. 31 1 

I 

Image, i. 26 

Inflammation, adhesive, i. 149 
Insects, i. 25 
Instinct, ii. 117 
Integuments, i. 4 
Intellect, organs of, i. 210, 
221 

Interchange of energy, i. 227 
Intestines, ii. 195, 196 
Irishman, peculiarities of one, 
I. 81 

Isinglass, i. 22 
Iver, famUy at, i. 81 
Ivory, ii. 158 

J 

Japanese, i. 50 
JnvE^i. 35 
Jelly, 

^ Jenkii^^. 3S2 
Jew8ir%, 74 
Joints, i. 101, 104, 10$ 
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Kidd, Dr., ii. 175 


L 

Lacerta gecko, i. iss 
Lacteals, ii. 20c), 2ii 
Lachrymal gland, il. 54 

sac and duct, li. 

Lambert, John, i. 86 
Laplanders, i. 51 
Larva, i. 25 
Lar}nx, ii. 265, 292 
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Leather, i. 17, 19, 2l 
Leibnitz, ii. 121 
Lewis und Clarke, i. 68 
Liver, ii. 198 

Living substances resist action 
of stomach, ii. 187 
Lobsters and crabs, loss iti 
their claws, i. 129 
Locke, ii. 1 2fl 

Longevity, comparativt*, n 
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Lungs, ii. 267 
Lymphatics, ii. 218 
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Malacca, i. 53 
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Molucca, i. 53 
Moult iiii;, i. .3.3 
Mo\eb, Dr. ii. lo i 
Mucoiis net-work, i. 5 
Mulatto, i. 71 
MiiUflo Park, i. 55 
Muscles, i. 130, 1,31. 171 

, efTects of the pat>sioiis 

on, i. 1 5.5 

, unfavourable position 

of, i. 1.39 

— , force exercised by, i. 

143, 179 

— ill fish,i. 186. 

of face, i. 153 

, their ininutencss hi 

insects, i. 1 87 

, voluntary and invo- 

liintarvji. 173 

, their ultimaCe form- 
ation, i. 130 
xM} opiaiii, ii. 30 

N 

Nails i. 34 
Negro, i. 52 
Nerves, i. 14, 247 


Ncrvcj, of voluntary and in- 
voliintarv motion, i. 232 
N<‘W Guinea, i. 55 
jNevv Holland, ibi 
New ^Jcaland, i. 55 
Nymph, i. 2u 


O 

Odours diffiibion of, ii. 282 
Old age, ii. .331 
Omentum, ii. 203 
Osmazeiie, i, 193 
Ostrich, i. 33 
Ourang outang, i. 61 
O.xygen, absorption of,ii. 273 
— — , removal of, ii. 280 


Paley, Archdeacon, i. 159, 1 7 1 
Panenas, ii. 199 
Paralysis,!. 171 
PaiT, ii. 332 
Passions of mind, i, 1 55 
Patagonians, i. 65 
Perfumes diffusion of, i. 251 
Periosteum, i. 119 
Peritoneum, ii. 204, 205 
Persons born blind, ii. 93 
Petroiiscrust ii. 147 
Philippine Islands^ i. 55 
Phrenology, i« 203 
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Physicians, i. i?? 

Pigs, BoJid-hoofeci, i. 90 
Porcupine funnly, i. 85 

(juills, i. 

Pores, i. 7 

Preparation of food, ii. 124 
Presbyopism, ii. 38 
Prichard, Dr., i. 8 
Prie&tly, Dr., ii. 278. 

Proboscis, ii. 85 
Propensities, organs of, i. 207 
‘ Prout, Dr., ii. 275 
Pulsation, ii. 237 
Pupa, i. 26 
Pupil, i. 12 . ii. 45 

Q 

Quartcron, i. 74 
Quintarou,i. 75 

R 

Race, Celtic, i. 70 
, German, ib, 

— , Sclavonic, ib. 
Receptaculum chyli, ii. 208 
Reproduction in ammals, i< 
241 

Respiration, ii. 263, 
Respiratory nerves, i. 232 
Resuscitation, means of, ii. 
277 


Rcte mucosiiin, i. 9 
Rhinoceros snout, i. 39 
Romans, i. 55 

Ruminate ‘n in a boy, h- 18 > 

S 

Saliva, ii. 157, 161 
Salivary glaiuh, i. 256 

Saundcrson, professor, ii. Itl5 
Scales, i- 24 

Sicnfr of flogs and hunting 
animals, i. 2.53 

Scat of soul, Descartes’ idea 
of,i. 202 

Scdigiti, 1.81 

Sensation, nerves of, i. 232 
Sense, organs of, i. 244 
Sentiments, organs of, i. 2()o, 
217,220 
Siam, i. 50 

Sight, acquired , perceptions 
" of, ii. 90 
Silk worms, i. 25 
Skeleton, i. 95 
Skirt, i. 4, 5, 16 
— , its colour, i. 9, 1 h 29 
' — , scarf, i. 5 
— , elephant’s, i. 24 
, . ■ , hippopotamus, i. 124 

— , ichthyosis, or fish-, i. 24 
— , negro’s, i. lO 

— , papillae of, i. 1 4 
Sleep, ii. 324 
Smell, organ of, i. 246 


THE END. 






